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ABSTRACT ¢
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MILITARY CURRICULI{M MATERIALS
The military-developed curriculun materials in this course
were selected by the National Center frr Researxch in
Vocational Education Military Curriculum Project for dissem-
uxatmntothemregmmalmmmlmcoordmatmnmmand ,
other instructional materials agencies. The purpose of ' -
» disseminating these courses was to make eurriculum mgterials =
' ,develcpeabythemllxtarymxeaccessmemmm . -
educators in the civilian setting. N :g:\
memumematenalsuemacqmmd evaluated by project :
~ gtaff and practitioners in the field, and prepaved for ‘ o '
dissemination. Materials which were specific to the military v .
were deleted, copyrighted materials were either oamitted or appro-— : )
val for their use was-obtained. These course packages comtain = - © .
curriculum resource materials which can be adapted to support . o
vocaticral instruction and curriculum development. x
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Mllltary Curriculum
'~ Materials for
" Vocational and
Techmcal Educat.nn

" The Natlonal Center
Miss:on Statement

e

The Nationat Center for Research in §
Vocational Education’s mission is'to inéfease é
the ability of diverse agencies, institutions, ) 8

f

Information and Field
Services Division

and organizations to solve educational prob-
lems. relating to.individual career planning,
preparation, and progression. The Nationa!
Center fulfills its mission by:

A

The Nationnl Center for Rescarch
in \.'ccdmml Eduzation _,.

* Generating knowledge through research

e Deveioping educational programs and
products

¢ Evaluating indwvidual program needs . ~
and outcomes ;

[P R
: ﬁ.‘,!‘;;;*ﬁv&a:fga

¢ [nstalling educatmnai programs and
. products

¢ perating information systems and ,_ N
. ivices T .

e Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Matarials
WRITE OR CALL
Program Information Office ‘
The Nationa! Center for Research in Vocational . L
Education . .
The Ohilo State Univarsity

1960 Kenny Road, Columibus, Ohio 43210
Telephone: 614/486-3655 or Toli Free 800/ ¥
‘ o £48.4815 within the,continental U.S.
1 E MCS . (except Ohio), -
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~ Military

Cumculum Materials .

Dlssemmatxon Is e
M

an activity to increase the accessibility of
military-developed curriculam materials to
vocational and technical educators.

This project, funded by the U.S. Office of
Education, includes the identification and
- acquisition of curriculun materials in print
form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is

provided through a "Joint Memorandum of
-Understanding between the U.S. Qffice of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and schject matter specialists, and courses
deemed applicable to vocational and tech-
rical education are selected for dissemination.

The National Center for Research in

Vacational Education is the U.S. Office of

Education’s designated representative to

acquire the materials and conduct the project
activities.

Project Staff

Wesley E. Budke, Ph.D., Director
Nat:onak Center Ciearmghouse

Shtrley A. Chase, Ph.D.
Project Director
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What Materials
Are Avanlable”

l-« «mh«.~~-~ i e e
e

One hundred twenty « aurses on microfiche
(thirteen in paper form; and descriptions of
each have been provided to the vocational

 Curriculum Coordination Centers ard other

mstructmnal materials agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor

guides, student workbooks and . technical
manuais.

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture Food Sérvice
Aviation Health
Building& - Heating & Air
Construction Conditioning
Trades Machine Shop
Clerical Management &
Occupations Supervision
Communications Meteswoiogy &
Drafting Navigation ,
Electronics Photography

Engine Mechanics .Public Service

The number of courses and the subject areas
represented will expand as additional mate-

" rials with application to vocational and

technical education are identified and selected
for dissemination.

How Can These
Matenals Be Obtalhed"

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost}). They .
will respoind to your request directly or refer
Wou to an instructional matzrials agency

claser 1O you. .
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Director . Director '

100 North First Street  Building 17

Springfield, IL 62777  Airdustrisl Park

217/7820759 Olympia, WA 88504
206/753-0878

MIDWEST SOUTHEAST

Robert Patton James F. Shill, Ph.D,

Director Director
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405/377-2000 Mississippi State, MS 39762
601/325-2510
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Director
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This .p_ackage is & compilation of Programmed  Instruction materials including
the topics listed on the previous page under "Contents.' The eatire package
is ind’‘vidualized in nature and contains all ¢f the materials for student use.
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: INSTRUCTIONS TO STUDENT -

This programmed lesson is a WORKBOOK which combines "Self-Teaching® with
< €lass-Teaching as you learn each step. The overali lesson information .

is broken into small steps called “fran.s". Each frame teaches with -

words, pictures, or both; then you are required to apply that bit of

instruction by completing a response or doing a described action. The .

booklet is set up so that, when the book is open, the teaching or f

questicning part of the frame is on the left page; while the answer,

picture, or action portion of that frame is on the facing right page.

To work and learn with this bnoklet, you r=ad the lTeft portion of the '
frame, then continue over tu the right facing page and complete the
answer (response) or do, the described action. When that frame is com-

, pleted, you turn the page for the next frame. If you have just completed
a response frame, you will find in parenthesis ( } a check on your last
vesponse. It is there for you to check your answer, NOT FOR COPYING.
Instructors will be around to comment on your action frames and to offer
personal assistance and advice. If you are doing the booklet in <lass,
raise your hand when you need an instructor's advice hefore you try the
next frame. Otherwise, just continue to the‘next_frame.

This booklet is your property, it is not a test {(other than testing your-
self). Go through it at your own speed. Note that each page is di-
vided by horizontal iines into A, B and C lLevels. Continue thru the

‘ { booklet on Level A before returning to the front to start Level B; then,
work thru Level B and so on-until you have completed the lesson.

The last set of frames directs you to do.a practical exercise. Here you
will make Tettering guide Tines and show how well you can do freehand
leetering. This exercise will be turned in to the instructor, once it
is compieted.
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OBJECTIVES OF THIS LESSON .9

Upon completion of this lesson you will know and recognize the style of
freehand lettering recommended for military construction drawings. You
will further be able to . . . . .

a. . . . recognize the value of lettering guide lines.

b. . . . form all Jetters and numerals with easy strokes, in a
natural sequence, and in a stable style.

c. . . . compose those letters into <7early legible words, and space
the words into easy-to-reaa sentences.

4. . . . properly form whole numbers and fraétions.

e. . . . develop and practice habits that will make your freehand
lettering @ continually improving skill.

f. . . . demonstrate your ability to set up proper lettering guide
lines, and do lettering at various sizes.

FINAL INSTRUCTIONS .)

Now, with "HB" pencil in hand and sandpaper pad handy, start Level A,
frame #1 at the top of page 4. Work thru Level A (top of each succeeding
page) before starting Level B, frame #19, etc. o

You will be teaching yourself, but if you have a question, rajse your
hand and an instructor will assist vou,

R
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LEVEL A

: o
|

The ability to letter well can be acguired by

an¥nne who will PRACTICE faithfully and intelligentiy, as -
g1l as take the time to always folilow the procedures .

outliined in this text.

(Now complete the response on facing page)

D0 NOT'NORK-BELOH THIS LINE UNTIL YOU HAVE
COMPLETED ALL FRAMES OF LcVEL A.

LEVEL B

19. (Action) |
LETTER" STROKES

Using the guidelines provided in Figure 7,
practice clockwise and counter-clockwise curve strokes by
repeating patterns as shown. Be sure to follow the
direction of the arrows for all strokes as indicated in Q
the illustration.

{proper spacing)

LEVEL C

35.
LETTER SPACING

Because of the variety in widths and shapes,
letters must be spaced so that the void areas between
them appear relatively equal.

Use the facing page to practice letter spacing
by duplicating the illustrated words. Make an effort to
match spacing of your letters with the provided samples
shown in Figuve 19.

I LY
n
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‘ ( ‘Respunse:‘ | ' 1. .

In order to acquire the ability to letter well, we must et

faithfully and intelligently.

;Af‘
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16,
-
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Figure 7
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Figure 19
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(practice)

.

LEVEL A

. N e LI o)

The only lettering style that will be taught in
this drafting course is SINGLE-STROKE, VERTICAL,

COMMERCIAL GOTHIC, CAPITAL LETTERING. °‘This style is the

lettering used on all types of drawings, and is the
foundation for the beginner.

(Complete response on facing page)

*

_ LEVEL 8

20.
' RULE OF STABILITY

Letters, such as B, &, K, S, X, and Z, and the
numbers 3 and 8, must be drawn smaller at the tog‘than
at the bottom to present an appearance of stadbility.
This wil] counteract the optical illusion of letters or
numbers appearing to * fall over “.

LEVEL €

36. 3 :
WORD SPACING

When spacing words, a logical separation is
necessary --- not too far apart that the words lose
their relationship to each other, and not too close that '
the words run together. A * rule-of-thumb " that can be
followed in- the spacing of words is: The space provided
between words should be such that if the letter " I "
were inseried between two words, they wouid appear as

one word. (See Fiqure 20.)

vl
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Response: f ' , 2.

The standard Tettering style used on all drawings ié
- » VERTICAL, COMMERCIAL GOTHIC,

- An pd ", - %35
Pl

CAPITAL LETTERING.

Responsé: \ | -~ -20. |

P L3 R

The top of the number 8 is drawn _______ than the
bottom to give the number a firm base to support itself. ‘.

WORQS!QPACEDiBYlSKETCH&NGIAN!HBEN\ EEN
WORDS SPACED BY SKETCHING AN | BETWEEN

———

=

, . Figure 20
Response: ) ~36.

A
\

The letter is used as a guide for spacing words.

Using the guidelines provided iﬁ Figure 20, letter Ehe phrase. shown
above the guidelines. '

14



{single-stroke}

HET A BREARN

3.

SINGLE ~ STROKE means that the.letters are
formed with one stroke. A draftsman never has to go
back over a line of lettering. The width of s single
- st-pke of a pencil is the thickness of a letter.

wr " e

*Lm e i

- (sméTT?f)

2l LETTER FORMATION

An alphabet of vertical capitals and numbers has
been arranged in family groups in the following frames.
To bring out the proportions of widths to heights, the ex-
ample letters are shown against a square background with
its sides divided into six parts. Some letters, such as
A and T, fill the squares, that is, they are equally as
wide as they are high. Others, such as H and D, are five
spaces wide and six spaces high. ~ These proportions must
be learned visually, so they can be drawn without
hesitation.. ;.

Study the shape of each example letter, together
with the order and direction of the strokes that form it;

then, practice letterfng each Yetter in the provided spaces
unti! its form and construction are completely familiar.

(1)

Full Tt Provided by ERIC.

37.
LETTER AND WORD SPACING

Study the three lines of lettering shown in
Figure 21. Using the guidélines provided below the
example, letter the three lines with reference to the
proper spacing principles.

e

21)

e

@
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- . (’“ Response: --
- * 4
" The thickness of the letter is formed by a | -
| of a pencil.
-
‘ Response: 21.

To enablie a draftsman to draw letters without hesitation, he nnst
fearn the letter visually.

® (

COMPOSITION IN L

CTTERING éfn

REQUIRES CAREFUL SPACING, NOT ONLY
OF LETTERS BUT OF WORDS AND LINES

- ~
74
RN o] -
Figure 21
® 9 .
21
A




(single - stroke) 4. | /

/ Lettering used on drawings must be .uniform. ..

The best method to insure uniformity is to use %
A - vertical lettering. Vertical letters are formed with “
- lines that run straight up and down. ' ' R

IR

i

~ (proportions) o
. 22.
I-H-T GROUP

e

The Jetter I is the foundation stroke. It is .
a single line straight up and down. The letter & is s
~ nearly square (the width is 5/6 of the height), and in f
~ accordance with the rule of stability, the cross-bar
, * js just above center. The top of the T is drawn ._)
first to the full width of the square, and the stem is .
B started accurately, as its middle point.

; Study the examples in Figure 8 and practice
S forming the figures in the spaces provided. Be sure
to stay inside the guidelines that are shown.

38. (Action)

. Place a sheet of tracing paper (8%" x-11")-on

C your drawing board with the long edge vertical. After
aligning the paper with your T-square, secure it to
the drafting board with masking tape. Remove the
"Ames Lettering Guide™ from yourdesk drawer and
rlace it on the upper right corner of the drafting ’
board. You will also need either a 5H pencil or your
mechanical pencil with 5H lead, and your lead pointer.
Once the above tasks are completed, proceed to the
next frame.

-4\
2

10 . )]
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Response:-

A}

. To insure uniformity in lettering,
lettering is used. -
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{vertical)
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Comnercial Gethic is a\.fa'r‘icy name for a style of
lettering that simply means, "All Tines used to forwm the "
Jetters are of the same thicknegf or line weight.* e

ES

3

w 7
Lr
¥

23.
L - E~F GROUP -

The letter L is made with wwo strokes. The first
two strokes of the letter E is made the same as for letter .
L. The letter-F is made the same as the letter E, | \'
omi tting the bottom stroke.

Study the examples im Figure 9. Practice forming .J
the jetters of the L-E-F Group in the practice spaces
provided. . . )

<

—

39.
GUIDELINES

-

Thusfar, guidelines have been provided for you to
practice ygur lettering. However, you will be required
to construct your own guidelines on actual drawings.
Guidelines are used for ALL lettering. The "Ames
Lettering Guide" will be used to construct required
guidelines on ALL course drawings. |

. A%

. Refer to your "Ames Lettering Guide" during the
next few frames, as you learn how to draw and use -
guidelines for lettering.
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Response: | ' | 39.

A1l lettering requimes the construction of . N

@ L | 13 - .w:‘}
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(Come ’”ma/ ? 6. o T .)

Gothic) . o . .
- , Letters are divided into two groups, capital and - o
. lower case. ALL LETTERING peiformed in this course will -
A be accomplished, using CAPITAL LETTERS. . . - )
. .. ’ . . 'it \
_,;5
~ ‘) .\};:.:3
d .

28, _
N-2Z-X-Y GROUP ’
Study the examples in Figure 10 on-the facing S
| B, , page. Note that the letters Z and X are smalier at‘the oy
S~ " top than at the bottom, in application of the "Rule of , e

' Stability." Practice letters N - Z - X - Y in the spaces
-~ K provided an the facing page.
L

(guidelines) 40. . - | :
) | ¥ . .Guidelines are light lines drawn with con- *

struction line weights. erefore, a draftsman will use

. c a sharp. §5_Egnci or lead to construct guidelines.
! * Guidelines should be dark enough to be seen.‘but NOT dark

[

- enough to reproduce on 2 drawing priht.
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". (\ Response: | - 6.

Tetters will be used in this course.

p
-oé"'? |
} .

7” 24,

I .
~. Z=
® ( xx
Y=Y

Figure 10
Response: 40.

Guidelines are drawn with a sharp, pencil rr lead.

® - is

W TR
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7. You have now learned the style of lettering that you will be using
during this course of instruction.

25.

V-A-K-4CGROUWP

Note that the example reflecting the horizoptal
stroke of the laetter “A" is one-third of the distance
measured from the bottom. Also, note that the second
and third strokes of the letter "K' are drawn perpendic-
ular to each other. (See Figure 17) .)

Practice Jetters V - A - K - 4 in the spaces
provided 6n the facing page.

(5H) 41,

It is possible to draw guideiines for lettering
from 1/16 to 2 inches 1n height with the use of the “Ames
Lettering Gujde." The numbers 10 to 2, shown on the
disc, denote the height of the letters in thirty-seconds
of an_ inch.

Let us assume that we want to form letters 7/32
of an inch in height. Therefore, we must rotate the disc
so the number 7 coincides with ihe frame index. The disc
is rotated by holding the upper corner of the "Ames
Lettering Guide" with one hand, and turning the disc with
your free hand.

LIS S PR
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. i Response: ‘ 7.

The style of lettering used by draftsmen is | -

\ \ ’ | letters. -
-

\___.—-’"

a3

i

25.

RS

4}.

Figure 22

(Action) Refer to the above figure for guidance and rotate the disc
until the number 7 is aligned with the frame index.

¢ 17

‘)f}




(single ~ stroke, . ' |
vertical, commercial 0
gothic, capital) . -
8. ' ' ~

A1l finished Tines on a drawing are black. o
A Letterirg is a permanent or finished line.’ To obtain.
dark, permanent lettering, we will use an HB pencil. B
26.

ik

M-W_GROUP

_ Refer to the examples on the facing page (Figure
12), and note that the letter M is slightly wider than it
B js high. The letter W s one-third wider than it is high.
The letter W is the widest letter in the alphabet.

Practice forming these letters in the spaces
provided on the facing page.

S

The "Ames Lettering Guide" has three rows of

holes on the dis The outer two rows are labeled 2/3
and 3/5, and are uped primarily for lower case letters.
Since we wil orming upper case letters ONLY, the two
outer rows of holes will be disregarded. Students will

C use ONLY the center row of holes for the construction of
guidelines. The center row of holes will provide you
with the necessary series of guidelines, to include the
baseline, centerline and the capline. (Refer to -
Figure 23 for an example,)

42.

) ®



f
wr— s e — - ~ . - — el sttt

N"I' ( Response: | ' © 8.
A draftsman will use an ____ pencil to cbtein dark, permanent

lettering. ‘ _ 0

™S

26.
5}§2§E§Eﬂ - -
MM

® ( AW
Figure 12
CAP LINE\
CENTER LINE
e\
BASE me
Response: 42.
Students will use only the row of holes on the "Ames

Lettering Guide" for the construction of guidelines.

.{ 19




DR S

v ) N . P [ ST
. . Y . . . ‘ o
. ¥
. . “A .o .;. - .“
\ ey, ) . -
\ . \
. % ) ; - . =
.
N * .‘
.

The HB pencil that we use for lettering must ke
. sharpened to a long, conic point, which must
A be rounded slightly by drawing a few smail circles on a
sheet of scratch naper, The purpose for rounding the
point is to remove any sharp edges that could tear the
paper.

0-0Q-C-GGROUP

A1l the letters in this grﬁﬁp are based on a cir-
cle. The circle for the letter 0 is drawn with two
strokes.

i

Study the examples in Figure 13 and practice
forming the letters in the spaces provided on the facing

page.

(center) " 43,

The lettering guide is used by placing the base
of the guide along the edge of the T-square (or straight-
edge), and inserting a sharp, SH pencil point in the bot-

‘ tom hole of. the center row. Then, the pencil is used to
C pull the guide to the right as far as necessary to con-
struct the baseline. Keeping the guidé in its stopped
position on the baseline, the pencil point is removed and
placed in the hole above in the center row. Next, the
guide is pulled to the left to construct the center
guideline. Again, the pencil point is removed, and
placed in the next hole (3d from the bottom). The
capline is drawn by puliing the guide to the right.
(Refer to Figure 24 for an example.)

320 e




e
AL T Red

4

Resvonse:

To prevent our paper from tearing when !etter%ng. we nust
the point siightly after the point has been

sharpened.

27,

Figure 13

N Figure 24

(Action) Draw a complete set of # 7 guideiines across the entire '

width of the 8%” x 11" tracing paper securgd to your

drawing board. The capiine should be spaced approximately

one inch from the top of the tracing paper.

21
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S S A .
S 23
(round) 10. . | . ‘ .)

: The HB pencil must be rotated after a few strokes i;;
A of lettering, so the point will remain symmetrical (bal- T
anced/rounded even). , ‘ gg
- //”‘ ﬂ%
5
i
//\—\ ,..\ s
77 = > : .
28. o .
’ D -U -J GROUP | @
These letters are drawn with combinations of - ::
straight and curved strokes. ‘*

B Practice forming the letters ?n this group,
paying particuiar attention to the junction points
where the curved and straight 1ines meet. (See Figure 14)

AN

: 7

44,
Students will use the Number 7 size lettering ’

c for g11 TITLES Tlettered in this course.

34




Response: ; ‘ e . 10,

A draftsman éhauid form a habit of his
pencil after every few strokes of Vettering to‘kaep the point bal-
anced and rounded evenly.

s GRET
..‘ . ‘

.y
N N J??&,
R

o
RS 2

- N N

3 .
(238 T Sl e
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28,

;

Figure 14

. 44,
(Actidg) Using the guidelines that you constructed on the tracing
paperacietter the following statement (See Figure 29,
p age

TITLES ARE ALWAYS NUMBER 7



(rotating) = 11. h

Utilizing & proper and comfortable position : e
improves quality of your lettering tremendously and SN
also enables vou to letter for long periods of time y
without tiring. y

A PROPER POSITION : %
3

Holding the pencil correctly is the first step

\ : for attaining & proper position. The second step is
using the correct finger or wrist movement to form =

the Jetters. : ' |

29, , "%
- P - R - B. GROUP .
. i Note the application of the “ Rule of Stabil- o
: jty * with the example of the letter B-in Figure s
8 15. The middle lines of P and R are on the.center- .
line. The middle Tine of the B is slightly higher.
Refer to the facing p&gsﬁand pra&tice letter-
ing this group in the¥spaces p ded.
4S. ‘ <
Students will use Number 5 size lettering for
* C all SUB-TITLES required throughout this course.

o

24 | @)

ERIC

Full Tt Provided by ERIC.
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Response:

The fiest step for aétaining 3

is holding the pencil correctly.

1.
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vy

Figure 15
. ' - 45!
(Action) Set your lettering guide for Number 5 size lettering.
N Draw a complete set of guidelin®s for Number 5 size lettering

mately one~half inch below the/baseline of the Number 7 guide-

on your tracing paper. The capline should be Sspaced approxi-
Yines previahg]y drawn.

Letter the following statement between the Number 5
guidelines (See Figure 29, page 40). |

SUB-TITLES ARE ALWAYS NUMBER 5




{proper pns%tfan)i i2. ‘ : | O )
- - i ’ N t | . -,
- The pencil is held with the thumb, fore- T
, finger, and second finger. The third and fourth ¥
A .fingers rest on the paper, but DO NOT hold the A
! pencil. . wj;;
AN . '
- Figure 1 _?5;
\ 30 : <
S - 8.- 3 GROUP ]
The letters and numerals in this group @
are closely refated in form, and the "Rule of :
Stability" must be observed, carefully. The- ~
B numeral 8 may be made on the S construction
: \ using three strokes, or by adding two more .
y ~ strokes to the numeral 3 (See Figure 16).

Pracéice forming the characters or this -
group in the spaces provided on the facing page.

46.

| ALL LETTERING (other than titles and
sub-titles) will be accomplished with Number &
C size lettering throughoit the remainder of this
course. |

ERIC

Full Tt Provided by ERIC.
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_ - Response: ‘ 12,
_f“. '
_The thumb, forefinger, and second finger are used to
the pencil. ' *

30,

Fiqure 16 ]

T ICEN

46

(Action} .

' Set your lettering guide for Number 4 size lettering and
draw a.complete set of guidelines for Number 4 siZze lettering
on your tracing paper. The capline should be Zpaced approxi-
mately one-half inch below the baseline of the Number 'quide-

lines previously drawn. -

Letter the following statement, using the Number & size
guidelines {See Figure 29, page 40).

SCALE, DIMENSIONS AND NGTES ARE NUMBER 4

® .




(hold)

13. o

Vertical, slanting, and curved strokes are drawn
with a steady, even FINGER movement. This is accomplished

by using the holding fingers only, with NO movement of the

. 4
‘r;':wi&}é’ﬁ/".‘ 4 ‘ S

in Figure 17 on the facing page. ‘The numeral 0 is 5/6 as
wide as it -is high. Your attention is recalled to Frame
27, which explained that the Tetter O is egually as wide
as it is high.

A1l the numbers in this group are to be drawn as 5/6
as wide as they are high. Practice forming these numbers
in the provideq\Spaces on the facing page.

wrist. The third and fourth 1ngers are used to support oy
the hand on the paper okly. '}f :
o

R

&3

Figure 2 o
: p i

31. Y ¢
\‘ -

< NUMERALS 0 -~ 6 - 9 GROUP A
 There.is a distinct difference between the'letter 3%

0 and the numeral . Note the width of the example shown %

®

- s

&7.

The spacing between a set of guidelines will a1ways
be the same as the lattering size. This will permit you
to draw the guidelines for all letterwng and spacing at
the _same time. :

41



A

Response: - 13.
Tf pO N
movement 1S used to form vertical, slanting and

curved strokes. ;
gff
/ \

Figure 17
(Action) . , .. 47,

Draw a series of quideliines for two lines of Number §
size lettering. Your spacing between the rows of guidelines
will be the same size as your letters. (Refer to Figure
29, page 40 when constructing your guidelines, and letter
the statements shown in spaces.)



{Finger)

-
e
-

14,

Horizontal strokes aré‘ma&e similar to verti-
cal strokes, BUT there is/some pivoting of the hand
at the wrist. )

2 -5 -7 GROUP

Noete the " Rule of Stability “ as applied to
the examplies shown in Figure 18. All the numbers
in this group are drawn 5/6 as wide as they are high.

Practice forming these numbers in the_ spaces
provided on the facing page.

48,
FRACTIONS
Guidelines are a ways used for lettering

fractions, with the total height of the fraction
twice the size of the v .'e number (See Figure 25).

30



Response:

LI P .

14.

Study Figures 3 and 4. Notice how the movements differ
horizontal strokes. = — //

for vertical and

-
-
"
<

¥

N NS
(Figure 3, Vertical Strokes)

v
By

(Figure &, Horizontal Strokes)

=y ==
2D

“"'/ 3.
=
A

Figure 18

Ne 4({)-— {-ng, —
! ] | i
H E:%ﬁg; " 2xH
{

Figure 25
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B 33
- 15, ‘)

Yertical strokes are wade entirely by finger
' movement, Horizontal strokes are made by pivoting the
A whole haﬁd at the wrist; fingers move slightly to keep

the stroke perfectly horizZontal.

i

33. The above is the complete alphabet with numbers
showing you once again how the letters and numbers are
formed with the proper stroke order.

B Using the gquidelines on the facing page, letter
the alphabet with numbers. Refer to the examples
above to” insure use of the prgper stroke order.

49,
Fractions are always made with a horiZontal bar.
C Be careful to leave a clear sgace above and below this
horizontal bar {See Figure 26).

" are

& )
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. Response: 15. «

Vertical, slanting, and curved strokes are drawn with a K
movement only.

a0

Horizontal strokes require some pivoting at the E
3
\ H
\
‘ 33.

49.
+—3 =
2 - “f*"*“: BAR
—4& 4 2~
N sPacE
Figure 26
® L 33
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(finger, wrist)

—t
[« 1)

STROXE CRDER AND DIRECTIGN

To make each repetition of each letter appear
the same, a draftsman must develop a_consistent
habit of stroke order and direction.

In the following frames, the acceptable se-
quence ard stroke direction are given for right-
handers. \f you are left-handed, it may be more

suitable for you to at least reverse the horizontal

stroke difection.

34, o ‘ -
. COMPOSITION :

Proper spacing of letters and words contribute
equally as much as thé letter forms for the appear-
ance of a block of lettering. The spacing between
letters and words is called composition. ‘

50.

Guidelines for fractions are easily obtained
with your lettering guide. Five holes on the middie
row must be used to obtain whole numbers with frac-
tions. The third hole will represent the middle of
the fraction. Study Figure 27, and note the.use of
the guidelines.

S bEg s
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Response: ' 16.

, o~

A draftsman must develop a consistent habit of strbke

i and ) to make repeti-
tions of each letter appear 1dentical. ‘

Response: 34,

- The appearance of a block of lettering is enhanced by the
forms of letters and |

e

NOW, TURN BACK TO PAGE 4, CHECK YOUR RESPONSE,
AND PROCEED WITH FRAME 35.

5Q.

} {-N9'4

H———t——" SERIES OF 5

| = ¢
LNM ‘N94J

ALL FRACTIONS REQUIRE A TOTAL OF
S GUIDELINES

ishy

Figure 27

® | .




(order, direction)

(Action) '
LETTER STROKES

On ‘the guidelines provided in Figure 5,
practice vertical and horizontal strokes by

repeating stroke patterns as shown. Be sure to ' o~
A employ the correct position and insure that you e
use sufficient pressure to obtain black lines. R
Strokes must be made in the direction of the o
L arrows shown in the illustration. e
‘ R . i K ;";_éa.
- . N &
~N
.\_:
o "3
o3
. sg
, @
)
- i "Ic:
51. f |
{On the/éuidelxnes pruvrded in Figure 28,
» practice lettering fractions by repeating the

numbers shown in the upper line.

% @
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18. (Action) . ~ .
\\\ " i&
Using the guidelines provided in Figure 6,
practice left and right slope strokes by repeating
struki\fifterns‘as shown.

\
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B
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52. .
Complete the Tettering exercise on your tracing
paper by Tettering the statements shown on Figure 29.
Be sure to use the letter size as noted on the left
margin of the figure. (DO NOT letter the size numbers.)



40

A

Y

R VO #‘

4
ok it o

/’  _”_‘ 18.
N
\)
» ' WV
o, Figure 6
) YOU HAVE NOW COMPLETED LEVEL A. TURN BACK TO PAGE 4, AND
CONTINUE WITH FRAMEM19, LEVEL B.
-* ‘} . -

TURN TO FIGURE 25, PAGE 4G, AND
COMPLETE THE LETTERING ExERCI;t : &
ON YOUR TRACING PAPER.

©

ERIC

Aruitoxt provided by Eic:



»@ﬁ%%%ﬁg"tm 23

ekl o Bebulsl o nls] o Relslal o

TITLES ARE ALWAYS NUMBER 7

SUB-TITLES ARE ALWAYS NUMBEK 5
SCALE, DIMENSIONS AND NOTES ARE NUMBER 4

DEPARTMENT OF CARTOGRAPHY AND APPLIED GRAPHICS
DEFENSE MAPPING . SCHOOL, FORT BELVOIR, VIRGINIA

COMMON DRAFTING SCALES ARE:
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s;ALE= I=1 SCALE : I=}

CAGE HOLDER = TRUSS BEARING

SCALE:%=|
BED FLATE STOP  KEY PLATE
SCALE : 2=  SCALE: 2=|

ABCDEFGHIJKLMNQPORSTUVWXYZ

ABCDEFGHIVKLMNOPQRSTUVWXYZ 123456789
ABCDEFGHIUKLMNOPQRSTUVWXYZ 123456789 10111213
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. INTRODUCTION 1,
; . . . | %%
The purpose of this bookiet is to furnish students the opportunity o
to broaden (or refresh) their knowledge of basic mathematics. It is a N
workbook and is not written to teach, but rather to afford the opportunity
'to practice caiculations and operations in mathematics which may have been - -
forgotten ar\zﬁggj§g~sz:if?jyg. - - :
, The booklet is referenced to the Defense Mapping School text, “Couwm~ .
rehepsive Review of Mathematics® (ST 003), and certain sections have been -
ged where additional information was deemad necessary. ot
M‘\&;
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. BASIC ARITHMETIC | -
1. ADDITION, SUBTRACTION, MULTIPLICATION AND DIVISION

a. Add the following:

7642 + 698

1794 + 15 + 379

1274 + 673 + 1989 + 2001 + 12 + 5
10792 + 1798 + 203222

194002 + 18332 + 157

P S, s v, e,
A2 ) D) e
Vot® > et Yl o v

§. Perform the following subtractions: |

(1) 222796 - 198999
(2) 15798 - 13989

‘ (3) 27654 - 25765
(4) 391234 - 387345
(5) 192123 - 187345

.c. Work the following probliems:

(1) A construction company, using five trucks, hauled the

/ following loads of soil from a road construction site. 3t, 5t, 2t,

‘ 7 3t, 4t, 1t, 4t, 2t, 3t, 3t, 2t, 2t, 3t, 5t, 5t, 4t, 3t, 3t, 2t, 2t,
5t, 5t. How many tons of soil were moved?

(2) From the sum of 2732, 19237, 32432 and 79456 subtract
the sum of 35678, 4567, 7890 and 2765.

2. COMMON FRACTIONS (Reference: -CRM Text, Section II, para 11-17)

a. As discussed in above reference, addition and/or subtraction
of common fractions reguires reduction of all fractions to their
LOWEST COMMON DENOMINATOR (LCD). If a relatively large number of
fractions are involved, the determination of the LCD cannot bde
accompiished by inspection. Following is a method of determining

the LCD.
; :

ANNEX 1 to SECTION I-VI




b. Let us assume that six fractions with denominators of 18,
32, 7, 21, 80 and 28 are to be added. Set up this problem as

foliows:
18 32 7 21 80 28
2 9 6 7 B 21 30 14
3 3 16 7 7 40 14
7 3 i6 1 1 20 2
P 3 8 1 1 20 1
2 3 4 1 1 10 1
2 3 2 1 1 5 1 -

What we have done here is this: we factored out common factors of
two or more numbers. That is, we divided each number divisible by
two, writing tho 2 on the left of the vertical line, and the number
of times it went into the horizontal number under such number. We
also copied numbers not divisible by 2 on this horizontal line.

Then we did the same thing with 3, 7, etc. until no common factors
remained. The LCD (or Lowest Common Multiple (LCM)) is then found
by multiplying the common factors down on the left and multiplying
these by the numbers across the bottom horizontal line. Our LCD
thenwould be 2 x 3 x 7 x 2 x2x2x3x2x1x1x5x1or 10080,

c. Determine LCD and solve the following probiems:

3/16 + 3/4 + 1/2 + 1/4 + 3/8

3/32 + 3/8 + 15/16 + 5/8

51/64 + 29/32 + 5/8 + 7/8

21/64 + 31/32 + 5/16 + 9/16 + 3/4
1/5 + 24/25 + 2/3 + 9/5 + 14/15

1/3 + 8/9 + 26/27 + 2/3 + 7/9

1/8 + 3/8 + 7/8 + 3/4 + 13/16

15/17 + 1/2 + 3/&

21/22 + 3/11 + 3/4 + 7/11

4 1/2 + 37/8+ 3/4+21/8.

12 7/8 + 3 3/64 + 11 31/32 + 12 1/2
127/8+47/8-103/4-517/8

11 19/32 + 12 9/1€ - 5 5/8 - 6 13/32
2 2/3+64/5+ 7 7/12 +817/20 + 3 4/7 - 25 17/21
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/4 + 3/8 + 1/2 + 3/4 + 3/8 9



R ]

(23} 15/8 + 3/4
(28) 21 7/8 + 15/8
(25) 27 1/2 + /4

. (26) (3/% x 4/8 x 1/2) + /2

' (27) §5/15 x-1/2 x 8/9) + (1/2 x 3/4)
(28) (3/32 x 8/9 x 3/4) + (2/3 x 3/4)
(29) (1 7/8 x 2 1/4) + .1/8
{30) (3 3/32 x 6 8/9) + 7/8

3. DECIMAL FRACTIONS (Reference: CRM Text, Section II, para 18-26)

d. Remember these rules of thumb:

(1) To reduce a common fraction to a decimal fraction
merely divide the denominator into the numerator.

(2). When adding or subtracting decimal fractions make sure
the decimal points are lined up vertically.

(3) In multiplication, multiply fractions as whole numbers
and on the product count off, from right to left, the sum of the
decimal p]a;es in multiplier and multiplicand. .

) ; (4) - In division, change the divisor intc a whole number

‘Ib L (removal of decimal point) by multiplying the divisor by 10, or a
multipie thereof,and also multiplying the dividend by the same
number. ,

___b. Problems.

(1) Change the following common fractions into decimal
fractions.

3/8, 5/8, 7/8

3/10, 3/100, 3/1000

1/4, 1/2, 3/4

1/5, 2/5, 3/5, 4/5

3/7, 2/9, 10/11, 15/16

1 12/13, 2 7/8, 13 12/25, 100 3/4

25 15/16, 37 3/8, 12 11/32 “ﬁ)
15 7/15, 28 112/625, 19 117/227 -
27 27/27, 212 15/75, 115 111/333

127 2/3, 184 5/8

r\rﬂw/})ﬂnf-\mm/\ﬂ\q
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{2) Changé the foljawing decii.al fractions to common frac- '
tions (proper or improper)

(a) 1.625, 3.75, 16.875

(b) 0.5, 0.50, 0.6667

(c) 3.125, 1.678, 2.556

(d) 127.333, 12.422, 1.89 s
(e} 11.675, 14.321, 11.123

(3) Add the following decimal fractions.

(a) 127.321, 11.40, 159.3, 227.3456, 0.01
(b) 12.4, 13.7214, 150, 162.875

(¢) 1.002; 114.1, 275.75, 0.008

(d) 1756.321, 2706.41, 36.34567, 1.12

{e) 1576,127, 35333.33, 1.001, 0.0001

(4) Perform the following subtractions:

- (a) 1736.3941 - 169.01
(b) 975.875 -~ 12.1
(c) 1394.667 - 0.0008
(d) 427.333 ~ 400.03
(e) 1242.345 - 1080.5 - - . 9

(5) Solve the following problems:

(a) 3.68 x 24.24 x 100
7G x 25 x 11.04 (to 3 decimal places)

(b) Add 3 2/5 and _2 3/4 then divide the sum by
3 4710 4 1/8
1 11/12, and change the result to a decimal fraction {to 5 decimals).

4. POWERS AND R0O0OTS. ({Reference: CRM, Section VI, para 38-44.)

a. Fractional Exponents: Any number may be raised to a
fractional power, such as 1/2, 1/3, 3/32, 2/5 etc, etc. It is a
different way of writing the expression, using the ragical sign.
For instance: 2 to the 1/2 power may be written as J2, and

> 3/32 = 32\/23 that is:

in fractional exponents the numerator of the fraction is the
power to which the number is raised and the denominator is the
index of the root.

611 o
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" b. Negative Exponents: Negative exponents indicate that the \ e
expression is a fraction in itself and stands for “1" divided by A%
the expressicn, 1For i?stance: 1 -
- 12-2 2 T2 = TR and 157374 = 4,/}53 B

Numbers with the same base are multiplied by the addition of their
exponents. They are divided by subtracting exponents. They are
raised to a certain power by multiplying their exponents and

have a root extracted by dividing their exponents.

Thus:

23 5 a5 = a3*5 = 48

abs ad = 077 a3
(a)3 = a2x3 « 36
346 = 673 . 2

C. Problems.

(1) Find the square of:

(a) 72, 19, 28, 14
(b) 12, 9, 17, 16

(c) 15, 125, 75, £3 N
(d) 1537
(e) 234

(2) Find the cube of:

) 3.6, 19, 12

) 2,4,7,8 ‘
) 37

) 565

} o127

(3) Extract, 1.ng hand, to two decimal places the square
rcot of:

) 36481
) 93636
) 534361
) 125.44
) 866761

1



5. RATIO AND PROPORTION {Reference: CRM,-Section V, para 34 - 37)

a. Problems.
(1) Find the values of the following ratios.

772 T
3:1 ,

15:7 1/2

18:17 )

7/8 . . 5 -

P P P, v,
oAanoTw
L 4

(z) Divide $100 between A and B in the ratio of 3:7.

(3) Fifty-one students entered a class. 33 of them
finished the course. What is the ratio of the number who finished
to the number who entered the class? '

(4) What are the invers> ratios of:

o 2/7,3 172, 10 feet , 22 1/2
) %0 feet - 2 4/5

(5) A raad bed rises 2.5 feet in 200 feet. What is the
grade? (Grade = rise or fall per 100 fget)‘

(6) The scaie on a highway map is givenas 1 172" = 10
miles. A motorist wishing to travel between two towns measures
the distance on the map as 8§ 3/4". What is the ground distance
between the two towns? ‘ :

(7) In triangle ACE, AB = 150 feet, BC = 300 feet, CD
300 feet, DB = 200 feet. Find length %f'side AE.

A E

_ (g) If a rod 4 feet long casts a shadow 7 feet long, what
‘-“\ga is the height of « building which, at the same time, casts a
shadow of 198 feet? -

_ (3) A level party does 30 miies-of level 1ine in 15 days by
working 4 hours a day. If this same party had worked 6 hours a day,
how Tong would it have taken to do the same job?

68‘9
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6. PERCENTAGES

a. Definition. Percentage is the process of computation in
which the basis of comparisun is a hundred. The term per cent--
from per, by, and centum, hundred -- means by or on the hundred. )
Thus, 2 per cent of a quantity means 2 parts of every hundred parts )
of the guantity. ‘

b. Symbol. The symbol of percentage is %. Per cent may also

-be indicated by a common fraction or a dectmal Thus, 5% = 5/100 = .05,

Al

c. Base, Rate, and Percentage.

(1) The base is the number on which the percentage is

- computed.

{2) The rate is the number of hundredths of the base to
be taken.
(3) The percentage is the paré&an of the base determined by
the rate.

d. Conversion of Decimal to Per Cent. To change a decimal to
per cent, move the decimal point two places to the right and add the
per cent symbol. :

EXAMPLE: Change .375 to per cent:
Move decimal point two places to right: 37.5
Add per cent symbol: 37.5%*

e. Conversion of Fraction to Per Cent. To convert a fraction
to per cent, divide the numerator by the denominator. Then, convert
the decimal to per cent.

EXAMPLE: Change the fraction /8 to per cent:
Divide numerator by denominator: 5+ 38 = .625
Convert decimal to per cent: .625 = 62.5%
Thus, 5/8 = 62.5%

f. Conversion of Per Cent to Decimal. To change a per cent to
a decimal. omit the per cent symbol and move the de.imal point two
places to the left.

EXAMPLE: Change 15% to a decimal:
Omit per cent symbol: 15% = i5
Move decimal point two piaces to left: 15 = .15
Thus, 15% = ,15
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g. Conversion of Per Cent te Fraction. To change a per cent
to a fraction, first change the per cent to a decimal and then to
a fraction. Reduce the fraction to its Jowest terms.

EXAMPLE: Change 25% to a fraction:
Change to a decimal: 25% =,25
Change to a fraction: .25 = 25/100

3 Reduce fractien to lowest terms: 25/100 = 1/4
- Thus, 25% = 1/4
c h h. Finding Percentage. BN
(1) General. To find the per cent of a number, write the
per cent as a decimal and multiply the number by this. decimal. In
this case, the base and rate are given. The problem is to find the
percente je.
o EXAWPLE 1: Find S% of 140 (140 is the base, 5% is the rate,
DAL and the product is the percentage):

- 5% of 140 = .05 x 140 = 7
EXAMPLE 2: Find 5.2% of 1400
5.2% of 140 = .052 x 140 = 7.28 9
(2) Solve the following:

(a) Find the relative error for a limit of error of
.05 inch in measuring 24.2 irches.
(b) Find the relative error for a limit of error of
2 inches : measuring 200 yards.
. (c) A gene-ator is rated at 2,000 watts.with &
- maximum output of 2,100 tts. What is the per cent of cverload
capacity? '

(3} Finding Per Cent Greater than 100 Per Cent. To change
a per cent larger than 100 per cent to a decimal, move the decimal
point two places to the left as with percentages smaller than 100
per cent.

EXAMPLE: 75% of a number is .75 times the number
100% of a number is 1.00 times the number
150% of a number is 1.50 times the number
325% of a number is 3.25 times the rumber

(4) Finding Per Cent Smalier Than 1 Per Cent. To find a
part of 1 per cent, first find one whole per cent of a number agg

o . | 5a




. : then determine the part called for. | .
EXAMPLE 1: Find 1/2% of 840: - ;

' 1% of 840 = 8.40 -

1/2 of 8.40 = 4,20 )

Thus, 1/2% of 840 = 4,20

EXAMPLE 2: Find 3/5% of 15:
1% of 15% = .15 .
3/5 of .15 = .09 '
Thus, 3/5% of 15 = .09

i. Finding Rate. To find what per cent one number is of
another, write the problem as a fraction, change the fraction to
a decimal, and write the decimal as a per cent. In this case, the
percentage and base are given. The problem is to find the rate.

EXAMPLE 1: 3 is what per cent of 87 (3 is the percentage, T
8 1s the base, and the quotient is the rate.?

3/8 = .375
375 = 37 1/2%
Therefore, 3 is 37 1/2% of 8

‘ EXAMPLE 2: What per cent of 542 is 2347

234/542 = .4317 + (round off)
432 = 43,29
Therefore 234 is 43. 2% ‘of 5*%&

EXAMPLE 3: 125 is what per cent of 507
//‘

125!50 = 2,50
2.50 = 250% )
Therefore, 125 is 250% of &0

J. Finding Base Numbers. To find a number when a per cent of
the number is known, first find 1% of the number, then find 100% of
the number. In this case, the percentage oY the whole number and
the rate are given. The problem is to find 'the base.

EXAMPLE 1: 42 is 12% of what number?
42

4‘)!1'} - '1 5

12% (base number;
12 {base number 2/12 = 3,50

100% (base number) = 100 x 3.50 = 350

Therefore the base number is 350

on




EXAMPLE 2: 45 is 150% of what number?

150% (base numberg = 45
12 .(base number) = 45/150 = ,3
100% (base number) = 100 x .3 = 30

Therefore the base number is 30

(1} Numerical Problems. ({Express in %)

(a) 15
(b) 1/&
(¢} 1/3
(d) 3/4
(e} .25
(f) .765
(g} .608
, (h) 2.24

(2) Your company is building 24 mijes of road. What per
cent completed are you when:

{a) 7 miles are completed.
{b) 3 miles are complieted.
ic) 15 miles are completed.
(d) 21 miles are completed.

(3) Verbal Problems.

~ (a) A construction company has poured 360 cubic yards
of concrete; if this is 25% of the total amount to be poured, how
many cubic yards will be required to compiete the job?

(b) A company contains 136 men. I[f this is 80% of the T/0
strength, what is the total strength of the company? .\\

(c) Your unit uses 460 gallons cof gasoline a month.
You are ordered to reduce that by 20%. How much gas can you draw
next month?

(d) There are 180 men in your unit. You must send 15%
of them on special detail. How many men will you send?

% (e) If solid rock expands upon blasting by 90%, how
many cubic yards of Tocose rock will a sclid rock of 180 cubic yards
give? ' x

-~
'
;
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' | (F) ™ you spend 48 hours out of 960 hours on mathe-
matics, what percent of your time do you spend on mathematics?

7. THE METRIC S?ST%M WiITH CQNVERSEQN TABLES (Reference: CRM, Section
ara )] )

a. Most of the countries of the world, except the United States,
have converted to the Metric 3ystem of measurement. Therefore, when
working in these countries, we must be familiar with and be able to
proficiently use this system.

b. Let us first review the metric system of temperature measurement.
The freezing point of water is 32° Fahrenheit (F) in the English System
and we know that water boils at 212°F. wWhen using the-Metric System, we
see that the freezing point is 0° Celsius (C) and the boiling point is

100°¢.

c. To change from one system to the atherfa%he foliowing formulas
may be used:

{1) To convert frum Fahrenheit to Celsius:
0 =575 (FO -32)

’ (2) To convert from Celsius to Fahrenheit:
= (9/5 C0) +32

# The basic unit names of the various types of measurements are
as ello

Length: Meter (m)

Volume: Cubic meter ( m3
Area: . Square meter {m<)
Weight: = Gram {g)

e. The fallowxng prefixes, in combination with the basic unit names,
S provide the multiples and submultiples in the Metric System,

0'3 milli (m) 10, deka (da)
10°¢  centi (c 102 hecto (h)
1071 deci  (d)\ 103 kile (k)

t. Therefore, the unit name "meter", with the prefix "kilo" added,
produces "L11ometer", meaning “1000 meters".. Or, 1 Km = 1000m." If “meter"
is preceded by the prefix "milli," the result is the common term “millj-
meter” (mm) which is one thousandth of a meter. {.00Im.)

¢. The s1mp11czty of the metric system,is due to the fact that it is
based upon a decimal arrangement and, regardliess of the type of measure-
ment, there is only one basic unit - the meter. We can refer to the fol-
?owing aravh to keep us straight:

1 - \
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1000.0  100.0 10.0 1.0 N ) 001

Km ~ hm dam m dm emo W
i ‘ £ 3 $ 1
] 1 1 R L] ¥ 3 -

(1f we convert meters to decimeters, we move 1 division to the right
(multiply by 10) or move the decimal point 1 place to the right. It m to
cm: 2 division or 2 places to the right. If m to hm: 2 division or 2
places to the left (or 1m = 0.01km)

The matric measurements in most common use are shown in the following
tabies:

Length Mass
v
10 millimeters = 1 centimeter 1000 milligrams = 1 gram
10 centimeters = 1 decimeter 1000 grams = 1 kilogram
10 decimeters = 1 meter 1000 kilograms = 1 metric ton
1000 meters = |1 kilometer
Volume
. - '\- P
1000 cubic centimeters = 1 liter L
1000 Titers = |} cubic meter

h. The following conversion tables are a great help in converting
from one system toc the other:

12



)

h
CONVERSION FACTORS
LENSTH OR DISTANCE

UNITS CENTIMETERS METERS KILOMETERS INCHES FEET ; YARDS f NILES

Centimeter ) 01 00001 0.3537 | 0.0328084 | 0.0109361 | 0000062137

E  Meter 120 1 .001 38.37 3.28084 1.093613 § .00062137
Kilometer 100000 1000 1 39370. 3280.84 1093.613 § 0.672131T -
Inch 2.54 0.025% 0.0000254% 1 0.08333 0.0277778 § .000015783
Foot ° 30,48 C.30u8 0.0003048 12 1 .333333 | .000183394
Yard 91 .44 0.9144 0.0008144 36 3 ' 1 . 000568182
Mile 160934 .4 1606, 344 1.609344 63360 5260 1760 : 1

SURFACES AND AREAS

UNITS SQUARE SQUARE - SQUARE ~. ACRES SQUARE SQUARE SQUARE

INCHES FEET YARDS MILES CENTIMETERS §  METERS
¥Square Iach 1 0.G069444 2.0007716 - - - 6.4516 § .00064516
Square foot 144 1 BRI - v - 929.0304 - .08230304
- ¥Square Yard 1286 9 1 0.000206612 - & § 8361.2736 8361273
Acre 6272640 43560 LBLO 1 0.00615625 40468564.2 RJ4046.B564224
[Square Mile 4014489600 27878400 3067600 640 1 25899881103.'2539983.11033
-1Sq Centimeter} 0.1550003 | 0.0010764 0.00011960 - : - : 1 000l
YSquare Meter | 1550.003 10.76391 1.19598%9 0.000247105 - 10000 1 -

MASSES AND NEIGHTS

UNITS POUNDS ,,TROY JPOUNDS,AVOIR. . GRAMS KILOGRAMS SHORT TONS LONG TONS METRIC TONS

' Pound, Troy 1 0.822857 373,2417216 §0.3732417216 0.0004114 0.0003673 00037324
Pound ,Avoir. § 1.2152778 1 452.59237 0.453558237 - 0.0005 C.0004464 [ 0.0004535923F%
Gram 0.0026762 0.0022046 1 0.001 - - ¢.000001
Kilogram 2.679229 2.204623 1000 1 ) 0.00110231 0.000984z }o0.001

4 hort Ton 2430.556 2000 907184 .74 907.18474 1 0.89285771 §0.9071847y4
tong Ton 2722 .223 2240 1616046.9088 § 1016.0463088 1.12 ' 1 1.0160469088 -
Metric Ton 2679,2298 2204 .623 1000000 1000 1.102313 0.9842065 1
O ight faced type numbers are exact. _ .
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UNITS

Circle
Degrees
Grads
Mils
Minutes
Seconds
Radians

UNITS

Cubic Inch

Cubic Foot
" Cubic Yard
- Liter

Quart, Dry

i Cubic Meter

CIRCLE

1
0027778
.00250
.000156

159155

CuBIC
INCHES
1
1728
46656
61.02374
67.200625
61023.74

DEGREES

360
1
{3.5000000
0.05625
0.0156667
0.000278
57.295788

CusIC
FEET
0.0005787

1
27
0.03531467
0.03888925
35.31467

A1l light faced type numbers are exact.

ANGULAR MEASURE

GRADS

400
1.1

i
0.06250
0.0185185
0.00030364

63.66199

MILS

6400
17.777778
i6

1
0.2962963
0.0049383
1018.58925

VOLUME AND CAPACITY

CUBIC
YARDS
0.00002143

0.03703704
’ 1
0.00130795

0.0014403
1.3079506

pme

§

LITERS

0.016387064
28,316846592
764.55485798%

1
1.101221
1000

i)

MINUTES

21600
60

S4
3.3750

1
6.01667
3437.7492

QUARTS ,DRY CUBIC
METERS
0.0148808 000016387064
25.71405 ,028316846592]
694,27935 . 764554857984
0.90808298 f.oo01
i .001101221
908.08 1

SECOMDS

1286000
3600
3240

202.50

80
1
206265

RADI NS

6.2811853
0.01745329
0.01570796
0.00098175
0.000290848

-
i
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' i. Problems.

(1) Find:
(a) €O if F© = 590
(b) FO if CO = 300
(c) FO if CO = 940
(d) €9 if FO@ = -¢°
(e} C° if FO = 320
(F) €9 if F@ = 130°
553 FO if €0 = 720
You are checking your tape for the appropriate

tape correction. VYour tape is standardized at
68° F but you have a metric thermometer. What
0C is equal to 68° F?

(2) Convert:

1200 mm to cm
150 cmtom

2535 km to m

i50 dm to km
1200 hm to km
12.5 m to yds

135 in to cm

125 cm to ft

12 3/8 ft tom
127.5 m to ft

100 in3 to liters
125 Titers to cubic inches
12 ft3 to liters
1 inZ to anl

137 yd3 to m3
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ALGEBRA
1. ADDITION AND SUBTRACTION. (Ref: Sec VII, para 45-51, CRM Text)

a. Add the following:

(1) a +band a - b
(2) 5%~ 4+ 6x - 2 and 3x€ -~ 7x + 2
(3) ax€ + bx - 4:; 3ax - 2bx + 4; -8ax% - 2bx + §
(8} x% - 3x3 + 2x2 - 4x + 7; 3% + 2x3 + x€ -5x -6;
~— 4x8 + 3x3 -3x€ + 9x -2
— (8) 3x€ - xy +xz -3y? ~ 22; ~5x2 -xy -xz + 5yz;

+y2 + 3:2 + 3yz; 6x2 + 4xz - 6y - 62z; Sxz + Gyz

b. Subtract:
{ 2a - 3b - 3c from & - 4b - 2c

1) .
(2) -5a ¢ + 6al b + b3 from 5a2 ¢ + 6aZ b - 8ald
(3) 3x4 + ax3 - 4bx3 + 6cx + d from x& + 3ax3 - 2bx2 + 3cx - 4d

c. Simplify:
(1) a-bfa-(b-0)-c]
(2) g-—{:b{ic—a-ca +Cb)-c]+[23-(b+c)} , ’)

FULTIPLICATION. (Ref: Sec X, para 54-57, CRM Text)

mn
.

~
~,

Multiply the following: e

a. x+10byx+6

b x + 3 by x -« 3

c. a2 -7a+ 2byal . 2343

d. x3 + 4x2 + 5x - 24 by x2 - 4x + 11
e. X -3 by 2x+ 3

3. DIVISION. (Ref: Sec XI, para 58-60, CRM Text)
Divide

xC + 2xy by x

- 30a7 + 20a% by - 10ab

a2 + 7a+ 12 by a + ¢4

ad -8 -3by-a+3 o
x3+ 32y + 3 xy2 +y3+ 23 by x+y+z *

¢/ I oW e W @ gl <Y

ANNEX 1 to SECTI N VII-XII
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4. EQUATION SOLVING.

a. Solve for x and verify the answer.

(1) S5x - 4 = 16

(2) 5x=3x+6

(3) 4x - 11 = 2x - §

() 6(3x - 1) ~8x =140+ 2 (x - 1)

(5) (5x+ 3) =2 (x=1) + (1 ~-x)=24¢(9 - x)
(6) 7 -21 (x+ 3) =13 - 15 (2x - §5)

(7) S (x«3)=-7(6=-x)+29=50-3(8 -~ x)

b, If a number is multipiied by 9, the product is 810. Find
the number.

c. A tree 100 feet high was broken so that the part broken off
was 9 times the length of the part left standing. Find the length
of each part.

d. Three times a given number diminished by 20 is egqual to the
given number. Find the number. .

e. A tank, capacity 1500 galions, has three pipes. The first
lets in 8 gallons a minute, the second 10 gallons, and the third
12 gallons a minute. In how many minutes will the tank be filled?

f. A man is now twice as ¢ld as his son; 20 years ago he was
four times as old as his son. Find the age of each.

5. LAWS OF EXPONENTS,

v
a. We must remember the basic laws of exponents. These are:

Law [: aMaft = gm*n

Law II: (am'n = gmn
Liw III: (ab)" = aMpn
Law IV: f{a/b)P = gh/ph
Law V: aM/al_= am=n
Law VI: n /&M = a™/n

S~ £ P~
N £ 0 POy
A L R )

b. In other words:

1) If we multiply: We add exponents.

(2) If we divide: We subtract exponents.

(3) If we raise to a power: We multiply the exponents
by the power which we raise.

(4) If we extract a root: We divide the exponents by the
index of the root.

3 17



This, in fact, is all we need to remember of the Law of Exponents. O
Please note: We neither "add" nor "subtract", by use of expuyents.

18
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@ | | ' GEOMETRY
1. DEFINITION., (Ref: CRM, Section XIII, para 68}

Geometry is tne basis of mathematics for the surveyor. -
Simply defined, it is the study of shape.  Everything the surveyor
does is related to geometry.

2. ANGLES. (Ref: CRM, Section XVI, para 81)
.a. The intersection of two lines forms an angle. The meeting

point is calied the vertex., The meas: rement of the angle is \
determined by the rotation of one linc from another. :

.’
/ .
/

-
\.
\\

L

A complete rotation is divided into 360 parts called degrees (shown
; b+ dotted 1ine). Each degree is divided either by decimals or by
' 3 60 minutes per degree and 60 seconds per minute. In the metric
system a complete rotation is divided into 400 grads.

b. In working with angle measurements there are two con-
version factor. tnat will be quite handy:

1° (degree) = &7 (minutes)

0

1' (minute) = 69 (seconds)

-

\
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(1) The steps to be followed in converting are
as follows: . '

For co: verting degrees and minutes to decimal degrees
and vice-versa:

No. of Minutes- = decimal degrees
80 ‘

(a) Convert 92° 32' to decimal degrees

32 minutes = .533%degrees
60

ANS: 62.533°

(b) Convert 63.45° to minutes
60 x .45%= 27 minutes
ANS: 63° 27'

(2) The same proportion will hold true when converting
seconds to decimal minutes and vice-versa: .
No. of seconds = decimal minutes
60

3. SUPPLEMENTARY DEFINITIONS.
a. Angles.

(1) Straignt Angle - angle egual to 18C°.

(2) Reflex Angle - angle greater than 180° but less than

3600 .

(3} Scalene Triangle - A triang’e wh-re no iwo sides are
qual; therefore, no two angles are equai.

(4) Congruent Triangies - If two sides of a triangle are
equal to two sides of another triangle and the included -angles in
both triangles are equal, then the triangles are congruent.

(5) Sum of the Interior Angles (for a polygon)

sqi=(n-2) 180°

oy
6
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where n is the number of interior angles in the figure
. ‘

EX: ' n = 3 interior angles:
ABC, BCA and CAB
| /<|
C B
xqi = (n - 2) 180°
z¢i = (3 -2) 18¢°
47 = (1) 18C° '
z&i = 180° for a triangle 2'
(6) Sum of the exterior angles (for a polygon) |

"r=(n+ 2) 180°

where n equals the number of exterior angles

EX: Ol D n = 4 exterior angles:
AEC, BCD, CDA and
DAB

‘ C

©
= (n + 2) 180°
Z= (4 + 2) 180°
Z=(6) 180°
S = 1080° for a quadrilateral

b. Solids (Three Dimensional Figures)

(1) Cylinder ({of constant radf&s)
f

]
S
-
]

r rlh

]

Vol = 1/3 =rlh




C.

(4)

Sphere
vol = &4/3 »r3

Cube

|

|

i : 1 vol = S3

L—-g-

joal— §

Prism (of constant cross-section)

Vol =
(1)

(3)

(area of base) (length)

Rectangular Prism

- = bh - L
h.!.
Shaded area rectangle A = bh
Vol = 1/2 bh - L
j—b *
Shaded area triangle A = 1/2bh |
Trapezoidal Prism .
o ¥
Vol = 1/2h (by + b 3)
- L

i //////////////////

Shaded area trapezoxd aree = 1/2 h {by ¢+ bzf

22
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d. !gpiume Formulas
‘ (1) In surveying, problems aften arise as to volumes of
earth to be removed for a cut or added for a fill, In a problem !

such as this, the figure usually does not have a constant cross-'
sectional area; therefore, prism formulas will not apply.

(2) For approximate volume of this type the surveyor will
usually use one of two formulas, according to the accuracy needed:

\

\
verage End-Area FoZmula'

Vol ‘4“1 ;ﬁz L

Volume equals the average of the twd end areas (A} + A2) times the
distance between the two end areas. :
I

Prismoidal Formula

(More accurate than
Average End Area Formula)

Vol = Ay + 4An + A2
6
Yolume equals the average of the two end areas (Ay and Ay} plus

four times Am where Ay is found by meaning the corresponding linear
dimensions of the end sections Ay & Az.

L

4. PROBLEMS.
a. Convert the following: -
(1) 25° 10" to decimal degrees
(2) . 21° 13" 42" to decimal dggrees

3) 68° 04' 18" to decimal degrees
4) 82° 34' 55" to decimal degrees

R X



(5) 82.3159 to degrees, minutes and seconds
(6) 98.8879 tp degrees, minutes and seconds
(7; 162.4310 to degrees, minutes and seconds

(8) 145.564219 to degrees, minutes and seconds
b. Find the sum of the interior angles for the following
polygons. ’ )

rhombus (4 sided) -
pentagon (5 sided)
(4) dodecagon (12 sided)

(1% Hexagon (6 sided)

c. Find the sum of the gsteriar angles for the following

polygons.
(1) triangle
2; square '
3) octagon (8 sided) §§
4) decagon (10 sided)

(5) heptagon (7 sided)
d. Find the Volumes of the following figures in cubic feet.

(1) sphere - r = 3 feet

22;' cone - r = 9 inches;-h =1 foot

3) cylinder - r = 80 feet; h = 21 feet
{(4) squara - s = 8 feet

e. Solve the following problems.

(1) cylinder: o1 = 40 cu ft; h =10; r =?

(2) Mr. Jones wants to paint the outside of a gasoline storage
tank (see figure) that is 80 feet high and 200 feet in
diameter. How much paint must he buy if 1 galion will
cover 90 square feet?

1

A\

(3) In order to bu¥ld a road, a fill must be dﬁg%tructed
across a swamp. The cross section of the fi T is a
trapezoid. At one end it has an area of 32 square
yards and the other 48 square yards. If the distance

is 430 feet, what volume of earth will be needed? (yd3).

51
24
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. (8) A rqad is to be built between an existing & and a -
bridge abutment. Figure the velume using the prismoidal
formula. ,

Y R N
-iﬁ“‘%}-t‘:
S
ER|
g |
e~ 22' c
A] ) if:
‘ d == 46 -
: - 22 — -
4‘{ / Ay \ ;
" - 30 |
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LOGARITHMS _ 0
(Ref: CRM, Sec. XVII Para 3, to Sec. XIX Para 94) - o

The treatment of logarithms, as per above cited references, is
completely adequate, however, following is a siightily different
Aapproa;p which should prove helpful. .

1. DEFINITION.

The Joganithm ot a given number is the power to which another
number ((called the base) ust be raised to equal the given number,

EXAMPLE: Find the logarithm of 1000 to the base 10. From
the defimition, the logarithm of a number (1000}

is the power (x) to which another number called

the base (10) must be-raised to egual the given
number (1000). Thus, 10X = 1000. Since 103 = 1000,
then: 10X = 103 and, by inspection x-= 3. There-
fore, the logarithm of 1000 to the base 10 equals
3 or log yg 1000 = 3. Since Common Logarithms use
the number 10 as a base, and since they are SO
universally used, the number 10 (as in logyg).is
usually omitted. We now just write: Tlog i800 = 3,

2. PARTS OF LOGARITHMS. ' | ‘)

/!

a. Logarithms are divided into two parts, the -integer andf
the decimal, or as we call them: the CHARACTERISTIC and Qhe M?NTISSA.

b. The characteristic of any number greater than 1 is one! less
than the number of digits to the left of the decimal point. If there
are no numbers to the left of the decimal point, the characteristic
is negative. Thus, the charatteristic for the number 3 is 1-1 or
zero, since there is one number to the left of the decimal point.

The characteristic for 30, with two numbers co the left of the
decimal point, is 2-1 or 1. Similarly, the characteristic for 300 .
is 2, and the characteristic for 3000 is 3.

c. The characteristic of the log of a decimal is negative and
is based upnn the position of the first rational number to the right
of the decimal point. In the number .327, for examsle, the first
significant number is the first decimal place and the character-
jstic is -1. Similarly, the characteristic for .003 is -3, and
the characteristic for .0003 is -4.

CANNEX 1 to SECTION XVII - XIX
L : ‘
- @
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d. The decimal pas* of the lugarithm is called the mantissa.
The mantissa is what i-. recorded *n logarithm tables and is aiways

the same for a given sequence of digits, regardless of where the N

decimal" point appears among them. Thus. the mantissa is the same
for 1570, 157.0, 15.7, 1.57. The characteristic tells us where
the decimal pOTHt belongs. The/10qarithms of the numbers are,
respectively, 3.195 900, 195 900, 1.195 960 and 0.195 900.

REMEMBER: The mantissa is always positive even when the
characteristic is negative. As we said before: the only thing
the characteristic tells us is whare to place the decimal point
(or where it was). We should not say, for example, that the
Togarithm of .157 is -1,193 900. What we mean to say is -l.
followed by a +.195 900. To overcome this we write the negative
(minus) sign above the characteristic and make it long encugh to
cover the entire negative portion of the logarithm. Therefore,
ve w._Id write the log of .157 as 1.195 904Q.

.e. This use of negative characteristics used in conjunction
with positive mantissas creates a problem in the addition and
subtraction of legarithms. What we do to eliminate this complica-
tion is this: we add 10.0 to the charactéristic--and then subtract
10 from the whele Ingarithm. It will work like this: we found
the log of .157 to be T7.195 900. We now add 10 to the character-
istic and subtract 10 from the whole log.

10.000 000 - 10
1.195 900
06 - 10

We can readily sece that 9-10 = -1. Also, the log of .0157 =
2.195 300 which we write as 8,195 900 ~ 10.

f. Finding a Logarithm, Any standard table of logarithas is
used ‘2 basically the same manner. We shall discuss here the tables
found in TM 5-233. These are "6 place taples". Thus, .y inspection,
we can see that this permits direct readings of &4 place numbers.

To go beyond 4 places we have to interpolate for tne adii:ional
places required. Interpolation is discussed later in tnis section.

“rMIMBER: Logarithmic Tables consxst of MANTISSAS only.
The characteristic must be determined in each instance by fo11owing
the rules given in paragraph 2b and 2c of this section.
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EXAMPLE 1: Find~the-Togarithm of 345.6 |Ii}. ‘

Ist - The characteristic is 3-1, or 2.

7 2nd - Find the mantissa of 3456. Note that we wiil
/; look up the given succession of digits,

regardless of the iocation of the decimal

point. ' j

3rd - Open log tables to the place where under
the N column you find 345 and then follow
horizontally along this line until you

read the column headed -6.

4th- Record the logarithm as follows:
characteristic = 2. ---~-mantissa = .538574,
i Thus, the logarithm of 345.6 is 2.538574.

»

EXAMPLE 2: Find the logarithm of 0.02345

st - Determine the characteristic of 0.02345
It is -2, or 8. -- ~10.

2nd - Look down the N column for 234. Move
finger horizontally across the page to ')
the 5 column.

3rd - Log 0.02335 = 8.370143-10
EXAMPLE 3: Find tne logarithm of 34567
ls: - The characteristic is 5-1. or &.

2nd - We look for the mantissa of 34567

and find that this taple lets us look up

< only 3456 and we get 53 8574; the "7" we

) have to interpolate. Interpolation will
be“coveﬁgd in para 3.

In a similar way we find E%e log for (.023456, finding out
that the direct reading will stop at 2345, leaving the "6"
to be interpolated.

3. LOGARITHMIC INTERPOLATION.

a. As we discovered previously, TM 5-233 permits direct extraction
of logaritnms for numbers which do not exceed four significant digits.

4
: | 28 4I'J/
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If the Togarithm has more than 4 places, we must find the proportional
part of the difference between the tw. logarithms and add this difference
to the lower one. This operation is called interpolation.

b. In TM 5-233 lists of proportional parts have been supplied and
shoufa“g: used. If, however, no such tables are furnished, think of
interpolation along these lines: supposing we want to find the logaritmm

of 34567 and our table allows us tc read only to 3456. We must now- inter-

polate for the 7 i.e. we must find the value in logarithms which corre-
sponds with this 7. Let us now consider the distance from 3456 to 3457
divided intc 10 equal parts and find the value in logarithms for these
10 parts, which in this case, is 125. So each 1/10 is equal to 12.5 and
7 x 12.5 = 87.5 = 88. We now add this 88 to the log of 3456 resulting
in the log for 34.67.

c. In order to facilitate interpolation, each page of Togarithms has

listed on it, or the next page, & list of proportional parts. We then
operate as follows:

34560 | 534574

Read and record the proportional part (rounded properly).
Add this proportional part to the logarithm (lower one).
The sum of the two is the logarithm you seek.

61 iﬁiﬁ: 7 .. X
62 ]2'5 16 «- 125 X = 87.5
e 125 3
10 65 12.5 \ 125
66 ......_....!25
67 AvR- Log 34367 = 538574
12.5
68 SERE + 88
69 75 538662
34570 ! 538699
(1} Look up Yog to as many places as the tatle permits.
(2) Determine the difference jetween the twe successive logs.
{3) Enter the Proportionai Parts Table under the column headed
by your difference.
(4} Read the proportional part to be added to your logarithm
along the line of the number you are working with.
(5)
(6)
(7)

5
6
7
d. Should an additional number be needed, let's say we are looking

for the logarithm of 345678, we know, that we car o:iginally only go to
3456 — we still have the remaining.78 to interpolate.

29
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e. In b. above, we divided the difference between the two
successive logarithms into 10 equal parts — now let us divide the
difference into 100 parts (divide each 1/10 into 10 parts).

f. Again, let us lock up our sequence of numbers as far as we
can go directly, that is: we look up the logarithm of 3456 and find
538574. The log for 3457 is 538699, giving us a difference of 125 for
interpolation. The log we seek Ties 78/100 beyond the Tog of 3456,
that means we must add 78/100 of the difference to this log:

78/100 of 125 = 78 x 125 = 1.25 x 78 = 97.50 or 98.
o0 . .

This interpolation can also be affected by using the tables of propor-
tional parts as follows:

(1) Enter proportional parts tabie for 125.
(2) Write down the proportional parts for 7 = 87.5.
(3) Then write the proportional part for 8 = 109;6.
(4) Add these two, considering the 8 as 8/10, as follows:
87.5
10.0
97.5 = 98
(5) Next add 98 to the log of 3456 and we get
538 574
98
log 345678 = 538 672
4. FINDING THE ENTILOGARITHM,

a. Up to now we have discussed the steps to be followed when
finding the logarithm of a given number. Now we, naturally, arrive
at the point where we are given the iogarithm and are looking for
the number represented by this log. We call this process: Finding
the Antilogarithm. The steps to follow are the reverse process of
what we did when we looked up the logarithm.

b. Let us discuss first the placement of the decimal point in
our number. It you recall from the first part uf this lesson we
stated that the characteristic of a log is one less than the number
of digits to the left nf the decimal point. In finding the antilog,

Sy
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‘l. we locate the decimal point one more place than the characteristic

. indicates, on the number we find. 1f the characteristic is NEGATIVE we ik
place our decimal point, and then count to the right the number of spaces -
in our negative characteristic, filling in zeros until we come to our w
first Significant number. For example the antilog of 7.768 638-10 is i
found as follows: First, we 100k up the number represented by a mantissa
of 768 638 and find it to be 5870. Next we detemine the location of our
decimal point (7 - 10 = -3). So we put down our decimal point and then
count three places to the right where the number begins. (.005870.) -

¢. Interpolation, when working on ant%lngs. is performed in the
reverse from interpolation for logarithms. Let us say we are looking
for the antilog of 2.390 061. :

(1) First, we Took in Table B-1 TM 5-233 for 390061 and find
390 051 and 390 228. We note that the first log is too small, the second
is too large. This tells us that our number is greater than 2455 but
iess than 2456. ~

(2) We put down the number which goes with the log of the
smaller: 2455. Next find the difference in logs between the log of
2455 and 2456, this = 177. Next we find how many log units there are
between the log of 2455 (390 051) and our log (390061) this is
390 061 - 390 051 = 10.

. (3) We now go to the proportional parts table and 1cok under
177 for 10. The closest we can find to this number is 17.7 and above
this we find the number 1. This number we append to the number which

- corresponds to the lower log -(2455) and get 24551,

(4) Last we place our decimal point. Our chaxacteristic is . L
2, so we point off 2 + 1 or 3 places from left to right and we g2t an ,
antilog of 2.390Q61 = 245.51.

5. ARITHMETIC COMPUTATIONS BY LOGARITHMS.

a. In Algebra we learned that when multiplying factors (with
the same baseg we ADD their exponents. When dividing we SUBTRACT,
when raising to a certain power, we MULTIPLY; and when extracting
a root, we DIVIDE by the index of the root.

REMEMBER: MULTIPLY - ADD
DIVIDE - SUBTRACT
RAISE -~ MULTIPLY
EXTRACT RCOOT - DIVIDE

31 ' , /
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The abave are the ONLY operations which can be performed by use of Ilv:
logs. Since the logarithms we use are all to the base 10 we can add, '
subtract, multiply, or divide logarithms to effect the desired operation.

' b. At this point we should discuss the use of COLOGARITHMS (COLOG). TS
{heas?mﬁmresult can be obtained by adding a colog as by subtracting a '
ogarit

"c. The principle of adding the cologs is based on the following
fact: axbxc is thesam as a x b x ¢ x 1/d x 1/e. o
_ X e . , . )
d. We can see that in the latter operation we have only multiplii-
cation, no divisions. If we used the first form, we would add the
logs of a, b, and ¢c. We would then subtract the sum of the logs of
d and e from the sum of the logs of a, b, and ¢ to get cur result.
Now to the 1/d and 1/e. We know the log of "1" is 0. So we¢ must
subtract the log of “X" from 0 to get the ¢olog. Supposing “X" was
equal to 126. The log of 126 = 2.100 371. We cannot subtract 2.100 371
from “0". But if we subtitute 10 - 10 (which is equal to “0") then
we have

10.000 000 - 10
-2.100 371

~7.899 629 - 10 | . ')

e. If we look at the above subtraction we see that as soon as
we subtract the first integer, the remaining "0's" all become "9 s”.
This always being true, let us write down a log as a colog:
merely subtract ?from left to right) each number from “9" except
the last significant one which we subtract from "10". Now, our
original problem of a x b x ¢ will set up as: a x b x ¢ 1/d x V/e.
dxe

. i
L Thowd At 2,

( f. It is highly recommended that computatxons be set up according
to the following sample:

(1) Find the value of a

log a
log b
log ¢
colog d
goiog e
0g answer e
answer 5%

s 8 N
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.g. Problems.
(1) Find the follawing:

(a) log 246.13
ib) log 3765347
c) log 0.24

) log 0.002468

) log 3.4567

) logvi

) log 24680.1

) tog _39.7842

} log 3y TAZETE
3} log 34.1234

k) anitlog 3.678 124

1; antilog 1.246 398

m) antilog 0.194 687 .
n) .antilog 8.261 918-~10
o) antilog 4.000 000

p) antilog 5.794 318

q) antilog 2.876 543

r) antilog 7.234 127~10
s) _antilog 4.578 394

t) antilog 4.578 3%

u), kolpg 127.42
v)‘{cq?og 287.39

w) icolog 7242,00

x) colog 2748.62

: /(2) Find<€he values of the fbllowin&. using logs:

f (a) 2754.3 x 1.724
; (b) 39.876 x 0.2481
5 (c) 0.0139 x 27.618 x 2.4689
; (d) 127 x 246 x 6.39
(e} 246 x 0.54321 x 27
(f} 129.34

(g) 246.39

(h) 795.36
368.33

(1) 127.394
0.039

(§) 127.394

. 33
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(k) 394.6 x 13.942 x 127.69 x 15
150.69 x 68.456 x 15.

(1) 271 x 354 x 123
132 X 1/5

(m) /165 x 227 X 3¢
15 x 12

(n)32.x..

‘/_225_2323!§ELEEE

(o) ‘/I239‘i‘1272‘i'553“'
| 759 x 143

Y

G

V4 34
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o o TRIGONONETRY
1. NATURAL FUNCTIONS OF ANGLES.

 a. Before discussing trigonometric solutions, we must be
familiar with the use of “NATURAL FUNCTIONS" of various angles.

(1) Natural Functions are mathematical values of the various
ratios each of which represent a particular angle.

(2) A knowledge of the various ratios and the use of Natural
Functions ailow us to solve many survsy problems to include heights,
distances, directions and positions.

b. TM-5-233 contains tables of natural functions (sin, cos, tan
and]cot) from 0° to 909 and this section is geared to the use of these
tables

c. We have previousily learned the definitions for these functions
and should you not be familiar with them it is suggested that you refresh
yourselves at this time. (See page 41.)

d. Now let us take our tables of Natural Functions, Table B-3, TM-5
233, page 215:

. (1) We find, on top of the page, the number of degrees and
- ' eight columns, labeled-Sin., d." (for iifference); Tan., d.", Cot.,
d.", Cos. and d.". :

(2) On the left hand side of the tables 'we have a column
for each minute which is read DOWN the page. .

(3) The angte entries 1ncrease to 459 across the top of the
pages. After 459 we read the angles on the BOTTOM of the jage and use
the Sin, Tan, Cc. and Cos columns on the hottom of the page. Also, the
minute column on the RIGHT side of the page is read UP.

(4) To get the natural sine of 7° 24' 34" we proceed as follows:

iag At the top of the page look for 7° (page 222).
b) At the left hand minute column go DOWN to 24'
where we find 0.128 796.

ANNEX 1 to SECTION XX ~XXIV
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(¢) Going to the difference column we find 4.80
between 24' and 25'. This 4.80 is the difference per second,
(d) Since we have 34" we multiply 34 by 4. 80, getting
163.2 = or 163.
/ ; .Add 163 to the natural sine of 7° 24*' (.128 796 +
163 = ,128 959 .

(5) Upon further examination of our natural function tables
w#e find that the functions of sin and tan INCREASE as "the angle in-
creases. The functions of cos and cot DECREASE as the angle increases.
So 1f we were looking for the natural cos of 7° 24' 34" we would
proceed as follows:

(a) . At the top of the page look for 7° . .

(b) Go down the left hand minute column to 24' where we
find .991671 (under the Cos column). .

(¢) In the difference column (between 24' and 25') we
find .62 (difference per second).

(d) We also see that the natural cos of 7° 25' is less
than that for 7° 24°'.

(e) Our natural function is then less than .991671 by
.62 x 34 = 21.08 or 21.

* (f) The natural cos of 7° 24' 34" is then. .991671 - 21

or .991650. .

ot

Just remember this rule of thumb: In direct functions, f.e. sin
and tan we ADD the proportional part and in the CO-FUNCTIONS we
SUBTRACT.

(6) At this point we must discuss, very brief!y, the sign
of the various functions in the four quadrants which we originate on

the horizon and revolve counterclockwise. Refer to the following sketch.

€OS § SEC»
SIN, CSC,
Enﬁ 3

v

e. If an angle is greater than 90° you may determine its
function by one. of the two methods below:

(1) Subtract the given angle from 180° and use the same
function.
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(2)" Subtract 90° from the given angle and use the co-
function. (Use the sketch on preceding page to determine the sign

of the function)

P

l‘ Z’w;

f. ‘Problems. Find the value of the function with the proper sign:

. (1} sin 37° 21" -
- ’ (2) cos 37° 21* : 5

(3) tan 37° 21' .
§4£ cot 37¢ 21 '

4
e A

sin 44° 30' 26
cos 22° 28' 54
57 - tan 17° 27' 38"
cot 27° 18* 51*
(9) sin 49° 27' 38
(10) cos 54° 29° 54" v
(11) tan 75° 25°' 25"
(12} cot 87° s7* 32* :
'13) sin 63° 54°' 23" -, .
14) cos 61° 59' 59
15) tan §51° &5* 27¢
(16) cot 72° 27' 38

(17) sin 112° 27* 54 :
: (18) cos 121° 34' 32¢ -
® (19) tan 145° 21' 21" . ‘

(20) cot 160° 27* 27
2. LOGARITHMS OF FUNCTIONS OF ANGLES. (Ref: Para 98-100, CRM Text)

a. Logarithms of Trigonometric functions are, in fact, nothing
more than the logarithms of the natural functions of the various
angles. For instance, let us Took up the sine of 30° (ratural .
function) and we find 0.500000. If we now “ook up the Togarithm of
0.500000 Table B-1, we find 9.698970-10. Next, let us go to our
logarithmic tables of functions of angles, Table B«2, and look up
the log sine 30° aad there we find 9.698970-10.

b. The practical use of the tables is the same as for natural
functions, i.e. angles from 0° to 45° are entered with the angle
as well as the function columns listed on top of the page and the
minutes and seconds entries are read DOWN along the Teft hand edge
of the tables. From 45° to 9C° we enter along the bottom of the
page and UP on the right hand side.

c. TM 5-233 Table B-2 shows entries for every 1 minute of angle

with the difference for 1 second entered in the D.1"(difference per
second) cclvans, A
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d. Let us suppose that we are looking for the logarithm of the sine
of 259 45' 28". We would proceed as follows: ‘

(1) Along the top of the page (195) we look for 25% and down the
left side for 45' and we find 9.637935 (log sine 259 45'). (-10 is omitted)

, (2) Looking in the D.1" column we see the difference per second
between 45' and 46' is 4.37 units. We now mui}iply 28 seconds x 4.37
units of difference per second which = 122.36/units = 122.

(3) Our desired logarithm is 122 units above the entry for
259 45'., We add the value for 250 45' to the value for 28".

250 45° = 9.637935-10 \\f/*
+ 28" =+ 122
. (4) The cosine of the same angle would be found igf the same
manner, i.e., log cos 250 45' = 9.954579-10 and for 25° 453.28" the log
would be: 28" x 1.02 (D.1") = 28.56 = 29; 9.954379-10
- 29
§.954550-10 .
e. In’finding antilogarithms of logs of functions we proceed as

follows: o
‘(1) Let us look for the antilogarithm for log sin = 9.698433-10.

(2) In the log section of our “au’i2s, under the sine column we
look for 9.698433 (or the log numerically immediately below.)

(3) We find 9.698313 which goes with an angle of 299 57°'.

, (4) Note the column D.1" value for 57' to 58°; it is 3.65 units
per second.

(5) The difference bet.een our log (9.698433) and the lo« for
29° 57' is (9.698433 - 9.968313) = 120.

{6) Divide the units of difference between the logs by the units
per second:,'fiﬁf 3.65 = 32.88 = 33 seconds.

(7) Hence, the antilog of log sine 9.698433-10 is
290 57* + 33" = 299 57' 33",

f. If we are looking for the antilog of cotangent 9.632 909-10,

04

()
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‘we proceed as follows:

ERIC

‘ ".
(1) Under the cotangent column we lock for™ 3.632901.

o

‘ . .
(2) The number immediately abqve this logarithm, numerically, is
9.633099 (remember - cot decreases as the angle increases) which corre-
sponds to an angle of 660 45°, .-

(3) Note the column D.1" value for 45' to 46'. It is 5.82.
(4) The difference between our log and the log of 669 45' is:‘J—#f‘\\k
(, 633099 .

-.632901
T 198

(%) Divide the units of difference between the logs by the units

per second: 198 ¢ 5.82 x 34"~

(6) [Hence, the antilog for cot 9.632901-10 is 660Y45' + 34" =
660 45° 34"

g. Problems. Find the Togarithms of the following:

1) sin 270 27 27"
2) cos 38° 15' j9 . (

3) tan 429 42' 21" :

(4) cot 159 14' 13"

(6} sin 670 22' 38"

6} cos 750 58*' 48"

7) tan 849 17' 20"

8) cot 5§39 27' 45"

(8} sin 1270 54° 24“ , ,
(10) cos 1549 30°' 32" o g
é]1; tan 1150 37* 28"

cot 1319 54* 12 :
(13} sin 2790 54' 14" .
(14) cos 1119 11*' 11* '
(15) tan 1179 27* 12" :
(16) cot 479 42' 41" &
{(17) sin 540 24' 51 ’
(18) cos 171° 00 Z1"
(19) tan 123° 51' 00"
(20} cot 1102 50' 37"

3. THE RIGHT TRIANGLE (Ref: CRM, Sec XXII para 101 to Sec XXIII para 106)

W

£ .
a. Read the above reference which discusses the arrangement of work,

39



N L e NG : et e s T T T e T s N S AT
. ‘ U | o | | o S . xR
triangle formulas and furnishes all possible formulas for solutions. —iThis .

extract also sets up each formula for'a solution using logarithms.

. b. Follow the given solutions carefully and you should not experience
_ any difficulties in the solutions of right triangles. '

~ ¢. Solution of Right Triangles. In high school geometry we learned
_the ratios ( ¥ 's to sides) which apply to right triqggles. for a review
they are stated here once more: . :

A b

Using the basic refationships, we havé:

8

sin = opposite side . " L ' .
hypotenuse A
‘ cos = égﬁacent side
_hypotenuse
’ . opposite side _ |
@2\ tan adjazzsé side ‘
| cot = adjacent side . Also al + b2 = ¢2
] oppoclite side . (Pythagorean theorem)-

ﬁe can now state, “cr the triangle above, that:

_a gt
stn Q“f c | sin B = c
_ b / '
cos A = = cos B = %- ,
’ . e b Y
Ml ~ tan!A-f—g- AND | tan B = 7 AN
cot A = %- cot B =<% I

From the above we can, depending'on.what parts of the triangle are given,
..salggz\a rat?o which contains two of the given parts and solve for the

thira, , _ N | ' |

40 a6
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' Our formulas reduce as follows: - \ Sy
. _?—_-._T \‘ 5 - ,.. - . ““—\A\ "‘
- cz - aa + bz .‘a c = V,ﬂ + b ° ) . to ‘ ‘
b=l -al b= /hz g — - "*éjggf;g
§ 2 A Co-
az x. Cz - bz -‘o a = / ) -
ifsinA=2 then a = ¢ sin A and ¢ = . : voos
c : Sy Y =
.b ) : " ,ff:?.‘
— ] i . ] - P
cos A=o b=ccosA *—-75 . ' o
a u u il
tan A = B a=bt . m '
' ' o "cot A = b " b=acotA '\“ a= b )
. | a T cotA 5
. . g
| And if | : _ | £
| : ' R .
b b Crug
. sin8 = ¢ then b =c sin B8 cand £ *Sin B o
. ‘ ~ a " " a . ,:'»;« “
: cos B=¢ a=ccos B C*cosB "
) tan B ='E' “ b=atan B8 : a= b
an a T atan o fan B.
a i | ’ t & ‘ ’
cot B = a=bcot B - - b= .
cot
\\

Solutions, using logs, should general]y follow this format:

a=csinA . c= E%ELK' .

log ¢ = 17 log a =

log sin A = ‘ colog sin A =

log a = log ¢ = T

A4 | ~
) as= e =




-~
*
\ . : )
\ «
.

d. Occ\ksionany we are required to solve a set of triangles, the
sketch of which looks as follows: ' ‘ &

\

X -

g , ] - A

/ (1) We may be given the angles of -elevation (a & 8) or the angles. g
of depression {a' and 8') and we know, of course, that the angles of de- B
pression are equal to the angles of elevation, and vice versa. ) et

(2) We are usually furvished the two angles—ang side “a“, or “x,

and are looking for “x" or “a* respectively. Here we have two right “;g
triangles. | | - R
(a) InrtaBOC: (ohgoe E_;..Y. a+y=xcotsq{l):
. - *
(b) InrtajADC: oo, '}f- . y=xcota (2) .
By substitution ir (1)'& (2) above, 8 = x cot 8 -x.cota ‘ | =
| . a'= x (cot 8 ~cota)
Ced v = a . L
and X,* T 6t o S ')
From these two formulas: o | <o
a=x (cotg- cota) : - .
d x = a , we can solve for a or x,
. and x cot g - cota
depending on the given parts. | .

NOTE: Remember that Logarithms do not permit us to perform subtractions
. use Natural Functl‘ons. ‘ * :

e. Problems. (lengths of sides to two decimal places)

(1) 1In right triangle ABC, A = 34° 28', ¢ = 18.75; find

By a, and b . ‘
(2) In right triangle ABC, A = 62° 10', a = 78; find B, b, and ¢
(3) In right triangle ABC, A = 50° 02', b = 88; find B, a, and c
(4) 1In right triangle ABC, c = 58.40, a = 47.55; find A, B, andb

(5) 1In right triangle ABC, a = 40, b = 27; find A, B, and ¢ ‘

as . .)
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(6) Find the legs of a right triangle if tie hypotenuse is 6, -“fgi
. and auelof the un&naun angles is tuice the other. T

(7) From the top of a hill the angles of depression of tun
" successive milestones an a stssight Ievel roadrleading s
the hill, are observed to be 5% and 159. Find the height e
~of_the hill. (In feet) 4 e

Ty

(8) The angle of elevation to the top (C) of an inaccessible A
“hill from point A'is 12% . At a point B, 219 feet from A w

y . -and on a line AB perpendicuiar to AC, the angle ABC is
. : 61° 45'., Find the height of the hi1l. .{Short base methcd)

THE OBLIQUE TRIANGL§ (Ref: CRN, Section XXI1Y, para 197-110)

a. As in the pr&viuus section on the nght Tri&ngle, read the-above
- referance which discusses the relationship bet the sides of a triangte
and the sines of their opposite angles. Othek trigonometric laws which are
conveniently used under certain conditions are alse explained.

B. Become familiar with the application for the va™ous laws Follow
the given solutions carefully and you should not experience any difficuity
in the solutions of oblique triangles. .

o

o
S
P
S
i
-~

e

. c. Solution of Triangles using the Law of Sines. When faced with the
requirement to solve a given triangle, the first law you think of is the
Law of Sines. Draw yourself a sketch and if, by inspection, you then
determine that, of the parts given, oae of them is a side opposite a given
angle, the Law of Sines may be employed. (Remember you need to know the

side opposite a given angle.) o (g .

C - T ‘

N S B

b G . 5

|
| B
A € - 8 N

‘f , Your formula for the Law of Sines is as follows:

| - a b _C
/f SinAk “SinB ~singe

99
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Two of‘the three ratiss are used to solve a particular problem making sure . <
that the pair selected contains three known values and one unknown.

So we have: ‘g,;
' . . S
s?n g ;Qn‘B © from which a = E?%%EE&' '§§
- 3
. s%n x* s?nfﬁ' from which a = E§§%ﬂ€& e
¢ = asin C i
“sin A . <
s%ﬁ_f'= sgn§; from which b = Eg%%ﬂt§. - ‘ L
_bsinC ‘ :
3 g
The format for setting up your solutions using logarithms is as follows: ‘!E)
log b = | - logars |
log sin A = : log sin B =
colog sin B = colag sin A =
- 1o§ as fog b =
| ar- b= )
- or
log ¢ = log a = ;
log sin A = _ lcg sin C = «,-\‘
/ colog sin C & - colog sin A =
| log a = _ log ¢ = _
a = » c'= k
Qr

s 100 T
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- 4 ;"""
@ log ¢ = log b = Th
> / g
3 log sin B = log sin C = . w
‘ SN SR
colog sin C = cslog sin B = ) e
. \ flog b= log ¢ = ;§§
] bs : c = %ié
d. Problems using Oblique Triangles. -
. _ 5 :
\ iy
-«5
To solve for x, when a, 8, and a are given: y
(¥ C
(1) By natural functions: - W
. In triangle ABD solve for AD using Law of Sines T
- . . \F/ . * ﬁ
@ C (a) 3B = da'de = e .
‘ (Y . . a . A ] > a sing t%
Then: m ‘-s—ﬁ-‘rs- or AD = W- ";‘:
“{c) In o-ADC: sina = Kg' orx = ADsina
{d)  consequently: X = @ Sg?ga Sira
(2) A logarithmic solution from (d) above, would look -like this:

log a =
log sin g = ’
log sin a =

colog siné ="

log x =

X =

A
LS
-l 220 0
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e. Solut!on’of Triangles using the Law of fﬁnggnts. The Law of _‘Ii)
Tangents is used to solve triangles when two sides and the angle between

them are ‘given. It is most conveniently used when solving this type of RN }
problem by the use of logarithms. If natural functions are to be used,
ét is suggested éﬁat the Law oF Cosines (see page 49) be adopted.

ivon: a, b, & . )

o4

Y 3
DT S | . G
SRS, 7101 23 o DN RS ¢ SRR

i

- ) &
P2 -
L]

&

The basic formula in the Law of Tangents is:
oy . (a-b) tan 1/2 (A +B) . - : I
tan /2 (A - B) T , ‘\
X ' , ‘ W/
The formula, as stated above, will soive for 3 A.& § B, providing side

a is greater than side b. If side b.is greater than side.a, the formula
changes to: - .

+y - (b-a) tan 1/2 (B + A)
ytan 1/2 (B - A) = {b-a) tan 1/2 (B +,

b

If co;linations of anv other two sides “are given, the formula changes
accordingly. A meeianical method for determining which form the formula
will have is 3 Faliows: — '

A
-

(1) Determine which of the two given sides is the larger and
record- this side first on the format listed below.

\(2)' Record the smaller side next.

\(3) Arrange format to follow the sequence established by 1 and
2 above.

(4) Enter logs and solve.

192
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.;_ Given a, b, 8 < C_ ~. : ' | .' ' ) , t-
. . a?’b- R . . ‘. TN ' w§
' a= t Tog (a - b)= -
| -5
b=. log tan.1/2. (A +B) = N
©oat+b colog {a + b) = R
a->b e ' .- log tan 1/2 (A - B) = 1'7
. - - .‘ﬂ “
A+8B = 180°J-_C = 172 (A -B) = < f sy
| - ‘ s T EL
. 1/2 (A + B) = N
172 (A - B) = o o
(Add) A= Y
(Subtr) B = ‘ / :
With angles A and B now known, we can now.compute for side ¢, using : A:
SR the Law of Sines. Since both A and B are known, we should compute |
._ ( for side ¢ in two ways, giving us a check of our computations. §
~ Our formulas are: .
S W . 'f
sin C= sinA hence: c=asinl , .
_ / 5in ‘
Also: ) '
C b :“S
sin ¢ =8in B ‘ hence: c=_b sinC - .
sin
Which we set up as follows:
log a = . log b = F
fog sin C = Jog sin C =
7 colog sin A = colog sin B = _
log ¢ = ; “logc =
c = c'= i
A 47
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f. Solution of Triangles, using Tapgent of 1/2 Angle Formulas.
Wien three sides of ‘a triangle are given, we may use the foruulas
for the tangents of 1/2 the angies to solve the triangle. &'

TN

] C -
3

A
The three formulas are:

tan 1/2 A = /{s-b} {s-Cc)
S

tan ljé B = \/{s-3) (5-C
5

" “tan 172 C = /{s-a) (s-b)
s {S=C \. *

* Where s = 1/2 the sum of the given sides (s« a +b+c)
-2

The«following format is suggeéteq for setting up the sojutions:

a= i log (s=b) = " " log (s-a)-‘ "log (s-a) =
b= . Tog (s-¢) = | log (s-c)= Tog (s-b) =
C = ' colog § = cologs = colog s =
2s = "", colog (s-a) = colog (s-b} = colog (s=c)=
5= 2y - 2) 2§
' §;é'= - log tan 1/2 A= log tan 1/2 B 1og tan Ifztt =
s-b = 2 A= 1/2 8 = 1/2 € =
s.¢ . A= B= C

The above formylas may also be solved py“using natural furctions.

If you follow -the above format, writing it down before entering the values,
you will not easily overlook the fact that they/ - requires

" division by 2, and also that you have solved for 1/2 the angle and
must multiply this by 2 for the value of the required angle. o

‘. 48 " ‘
. !f),i . . 2

. ;
‘



VRN

f *

q. Solution of Yriangles using the Law of Cosines. The Law of s
Cosines is Jsed to solve triang1es when thres sides or two sides and the e

included angle are given. o
(1) When two sides and the included angle aregiven the follow- ..
ing procedures are used: . o
. Given: ¢, b, & A T
A
er
TR
A
. -3
E
¢ . y‘,%
The basic formula in the Law of Cosines is: A
a2 = b2 + c2 - %bc Cosine A | R4
The formuia, as stated above, uili soive for az, with 'a‘' being the-
square root thereof. Particular attention should be given to the last g
element of the formula, As noted on 36 the sfgn of the Cosine of -
an angle in the second quadrant (90 180 is minus.. Therefoge, the |
result of the multiplication of -2bc Cosine A would algebraically become .
a positive value and be added to the first two terms.. !
The origwna\ formula can also be rearranged to obtain b, and ¢ if you K
are given a, b 4 Cor a, ¢ & B. So we have: / Co
> 'y
b2 = a2 + c2 - 2ac Cosine B énd - %
, : 3
¢ = a2 + p2 - 2ab Cosine C - F

With one angle, and all three .sides known, we can now solve for the
other two angles using the Law of Sines:

a_ b | b SinA | B
SinA 5inB hence; Si"'B_ = 3 .
Also:

a ¢ . . _ CsinA
SRR ST T hence; §1n/c = =g

~—~ i o



(2} when three sides of a triangle are given, we may also use .

the formulas for the Law of Cosines to solve the triangle. However, - i
since we must solve for the unknown angles, we must transpoSe the basic -
formula to isolate the Cosine on the left side of the equation. ',gi
R + . ”5,

-

s . .
~ e

[2EN

The three formulas become: '
- 2 2 2 g
. = b + C - ﬂ ’ . ;
Cos R = S—pc— | N =
Rl 2 2. -
. 8- *+cc b :
Cos B 2ac - ' . L s
. ‘ \
Coanaz*'bz'cz o g’
"2 ab o - '
With one angle known and the three sides which were given, you can now
selve the remainder of the triangle usiny the Law of Sines. An alternate
solution would be to repeat the use of :ne Law of Cosines for the other
two angles. To sulve for only two angl:s and conclude the third'is not.
gopd practice. All three angles shouls be computed independently and .
added to ensure a 180° summation. .
.
19¢
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. . . n. Problems. , ‘ SR
(1) Given: a= 804, A = 99° 55' B = 45% 01' Find C, b, ¢ CoEa
(2) Giyen: b =999, A= 37° 58' C = 65° 02' Find B, a, c.- LR
(3) Giver: a= 4.4, b=5.21, A=5°37" 17 Find B e .
(4) Given: a = 77.99, b = 83.39, C = 72° 15' Find A, B, ¢ X
. . - X9
(5) Given: a = 47.99, b = 33.14, C'= 175° 19' 10
Find A. 8; C . . i .
(6) Given: a =51, b= 65, c =20 Find the angles w
(7) Given: a '-'43. b =50, ¢ = 57 Find the angles s.,,
) : (8) Determine the gistance of an enemy gun at position A €rom
" your position at B. Given: line BC is 322.55 yds, angle
~ RBL is 60° 34' and angle BCA is 56° 10'. S
(9) In order to find the distance between: ‘two objects, A A i
‘ and B, separated by a swamp, a st:ation C was chosen, .- i
. and the distances CA = 3825 yds, CB = 3475.6 yds wers ey
.'ﬂ C measured. Angle ACB was measured and found to be 62° -
31, and the distance between A and B. ' - <
(10) Of three towns A, B, and C, A is 200 miles from B and 3
184 miles from C, B is 150 mﬂes due north from C. How
far is A norta of C? -
S 4 , I TR
. B s ‘ . g
>
S
, ~ : -~
: ‘ -- 51
® ‘ ‘ '
\ ' -
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, ANSWERS TO PROBLEMS - .
. (1) 8340 (2) 2188, « (3) 5954 -
+{8) 215812 {5} ~212491 - ,
- . A . ‘-“'\ ,
- (1) 23797 (2; 1802 (3) 1889 o,
(4) 3889 (5) 4778 « v
- : [
(1) 71t - {2} 82957 : ;é
(1) 2 1/4 (2) -2 1/16- {3) 21732 .
(8) 3 13/64 () 2 59/64. (s)g’& 14/25 N
(7 31T (8) 2 15/16 (9; 29/88 : “:
(16) 2 27/44 - - (i1) 11 /4 212 : 41r‘3§32 .
(13) 1 1/8 (14) 12 1/8 (15) 3 1397210 N
gxﬁ) 21732 (17) §/192 18) 7/36 a .
19) 288 15/64 (20) 1344 517112 (21) ¥4 . - | "
(22} 1/6 (23} 2 1/6 _ 28) 11-2/3 - | S
(25) 110 (26) 3/8 222 10727 -
(28) 8 (29) 33 3/4 30) 24 5/14 .
(1): t ‘ )
(a) .375 625 . .878 : ey
- Eb; .gs .23 .ggs , < _
C i . . - ‘ A
‘(d) - .2 .4 { .6 | & "l!f_.
(e) .42857 .22222 90909 9375 kS
(f) 1.92308 2.8715 13.48° - 100.75 | g
(g) 25.9375 37.375 12,4375 - o
(h) 15,46667 28.1792 - "19,51842 - ‘*ﬁr
(i) 28 212.2 © 115,33333
(j) 127.56667 184.625 L "
i o
(a) ‘15/8 3 3/4 16 7/8
(b) 172 /2 2/3 ‘
(c) .3 1/8 1 339/500 2 1397250 .
(d) 127 /3 12 211/500 1-89/100
(e) 11 27740 ‘14 321/1000 11 123/1000
{3)1 - -
(a) 525.3766 *ﬁt
gbg 338.9964 .
{c) 390.860 :
_ (d} 4500.19667 - -
(e} 36910.4581
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. Answers Continved.. ... .
Page 4' - bc (4)’
- %a) 1567, 3841
b) 963.775
(c) - 1394.6662
(d}y 27.303 ‘
(e} 161.545 z
(5),
¢ %a 1.347
b} .869856
Page 5 - ¢c. (1)
(a) 5184 . 361 784
(b} 144 81 289
) (c) 225 15625 5625 | .
\ (d) 2362369 /
. (e) 354756
(2) - -
(a) &7 216 6859
(b) 8 64 343
N (c) 50653
& ( () 180362125
e) 2048383
(3}
{ag 191
{b) 306
- {c) 731
(d} 11.20
(e) 931.00
Page 6 - 5 a. (1)
ga) 3.5
b) 3.0 .
(c) 2.0 -
(d) 1.059
(e} .875
(2) A= $30.00 B = $76.00
(3) 33/51

" (4 7/2 18/7 50 feet .
. 10 feet

(5) 1.25:100 or 1.25%

53
179

Full Tt Provided by ERIC.

ERIC.
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Page 6 - 5 a. (6)
(7}
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Page 10 -
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58.33

300 feet

112 1/7 feet
10 Days

20%
25%

.33 1/3%

75%
25%
76.5%
60.8% -
224%

29,167%
12.5%
62.5%
87.5% ..

1440 cu yds
170 men
368 gals

27 men

342 cu yds
5%

15°
86°
201.2°
-20°
OO
54,4°
161.6°
20°

120 ¢cm
1.5 m
2535000 m
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Answgis Continued

Page 15 - §. (2)
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Page 17 - 4 a.(1)

.015 Km

120 Km

13.67 yds ‘
242.9 cm

4.101 ft .
3.772 m-

418,31 ft

1.6387 L

7627.97

339.80

6.452 em? " -

104.7440 m3

2a

8x2 - x

-3bx + 5

8x4 + 2x3 -1 .

ax2 - 2 xy + 9 xz'< 2y2 + 222 + 12 yz -6y -62

ba=-b+c
1022 c-8a3 -b3 |
-2x% + 2ax3 + 4bx3 - 2bx2 - 3cx -5d

a - ab + b?
ba~-b-¢

xe + 16x + 60

x - 9

ad + 923 + 1932 - 25a + 6
X2 + j81x - 264

2x2 - 3x =9

X + 2y
3a - 2a3

-a -3a - 1
X2 + 2xy - xz + y2 ~ yz + 22

141
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Answers Continued........
Page 17 - 4 b. 90
c. 10 feat and 30 feet
d. 10
e. 50 min
f. Present age of father is 60 yrs.
Present age of son is 30 yrs. .
Page 23 - 4 a. (1) 25.1657°
(2) 21.2283°
‘(3) 68.0717°
(4) 82.5819°
(5) 82° ig8' 54"
(6) 98° 53' 13.2"
(7) 162°-25' 51.6"
(8) 145° 33' 51.2"
b. (1) 720°
~(2) 360°
(3) 540°
(4) 1800°
c. (1) 900°
- (2) 1080°
(3) 1800°
(4) 2160°
(5) 1620° _
-d. (1) 113.1 cu. ft.
. (2) 0.58905 cu. ft.
%3; §22230.05 cu. ft.
4) 512 cu. ft.
e. (1) 1.13 ft.
(2) 558.5 gals.
(3) 5733.33 cu. yds.
(4) 545.2 cu. yds.
11
56
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x\\ B Answers Continued ...... &
Page 33 - g. (1) B
{2} 2.391165 |
(b; 3.575819 )
(c} 8.140634-10 ;
(d} 7.392345-10 .
(e) 0.538662 K
(F) 2.553007 ‘
(g) 4.392347 &
gh) 3,199417 |
i; 0.718119 A
(3} 1.533082 k|
ik; 4765.7 %
1} .17636 o
(m) 1.5656 3
(n) .018278 3
io) 10,000.00
p) 622760 »
(q) 752.56 H
(r) -.0017145 :
(s} 37,879. -
ét .00037879 o
- u) 7.894762-10 B
® (’* (v) 7.541528-10 R
(w) 6.139722-10 .
{x) 6.560885-10 -
“ -(2) _ ' _
v - (a) 4765.6 .
' : éb) 9.8932 .
c) .94778 :
(d} 199640 “
(e) 3608.0
) (f) 1.8904 | .
Eg; 1.9349 A
k) 1.6983 ¥ ~ |
(i} 3266.5
éj 35,387
k) 66.677
(1) 7176.3
(m) 21.069
én) 2.2134
© (o) 87.524
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. Page 37 - f.

. Page 39 - g.

- Answer. Continued

(1)

(19)

(20).

"}h a A‘\\ ‘ PN G sy
“'.‘»"”-x\.‘{;\.-. i W

QQQQQQQ

0. 606682
0.794944
0.763176
1.310314
0.700999
0.924002
0.314542
1.936289
0.759959
0.580727
3.84556
0.035639
0.898077
0.469476
1.272639

- 0.316056
0.924113
-0.522622
~0.690992
-2.817270
9.663786-10
9.895013-10
9.965184-10
0.564814.
9.965229-10
.384283-10
.999961
.869803-10

.315081

.952964-10
.670236-10
.557992-10
. 284387

.958835-10
.910221-10
.994627-10
.173468

.580623-10
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Page 42 - e. (1)
(2)
(3}
(4)

10.61;:b = 15.46; B = 550 32°

41.18; ¢ = 88.20; B = 279 50’

39% 58*; a = 105.00; ¢ = 137.00 |
540 30'34"; B = 359 29' 26"; b = 33.91
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Answers Continued........

O
= | %TM -P R A

Page 42 - e. (5) A = 550 58' 50"; B = 340 01' 10%; c = 48.26 !
(6) a=3; b=5.1962 CooX :
(7) x = 685.89 feet : i
(8) Ht of hill = 83.74 feet §
Page 51 - h. (1) .C = 359 04'; b = 577.30; c = 468.93 :
, (2) B =779 a'=630.75; c = 929.47 3
3) B - B30s2 48 TC 2 30 29 S5Y ¢ x 2.7902 o
4) A-=5]%15!; B =56930'; c=95.20 &
x 5) A = 20 46" 08%; B = 10 54' 42"; ¢ = B1.06 e
\ 6) A = 389 52' 48%;. B-= 1260 52°' 12"; C = 149 15* go* =
. (7) A =46°49' 35"; B = 570 59' 44%; € = 750 10' 41" #
8) 300 yds ' _« -
: (o) 3800 s 34
< 4 (10) 54.52 mites -
\ -~ -&
¢ <
;
‘ -~ .
1y ‘
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BASIC 4RITHMETIC
(Ratdio and Pfoportim)

 OBJECTIVES OF THIS LESSON .

Upon compietion of this lesson, you should be abls to:

1.
2.
3.

Define ratio and proportion. | g
Exp;%ss ratao and proporticm in both uri.ttan and verbal forms.
Explain the different terms used i.n ratio and proportion.
Iéam and apply the rules of ratio and proporticn.

Recognize the direct and inverse types of proporticn.

Form a proportional equation, referrad to as "setting up the
problen, "

Solve various types of problems involving ratio and prdporti.on.
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. INSTRUCTIONS n; s@@ - ':*

The materisl in this lessom is arranged in small step , called - S
frames. Each frame contains informstion which you must know. Bach ‘e
frame requires that you Tespoad by complsting an incomplsts state- ke
mant. . ) ' ' L

. ' rJ

The coriect response is stated on the reverse side of the page. : .
Once you complete a frames, check yowr answer and continus with the -
next frams. : ’ . v iy

Begin with frams #1 at level A (upper third of each frame page) =
and continne through all frames at this lsvel. Once you have cam- o
pleted all i'rames at level A begin lavel B (middle third of esch ‘ -
frame page) and work all frames ai this level. After completisdg ‘ v

levels A and B you may bsgin level C (lower third of each frame page)
working all of the problems. ‘ T

e

‘Procsed through the lessomn at your own speed. You will have - A

two hours to complete the lessou, 80 pace yourself accordingly. If B
you need help with a problem do not hesitate to -call on an instructor. -

-
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. * A ratio 5.3 a relation or cmpariaaﬁ af ons qmtity to :not.har -
.. quantity of the same kind.  Therefore, in mathematics we use ratio .
: to r or ¢t two similar Quantities. |
o . R
\ ' .
NCTE: Do not work 'bslw this li.na wntdl a1 franss in LEVEL A are L
- . complate., _ _
. —‘-‘"‘4/ - puure v e — . :.'ﬁ:
FRAME #11 I " ' LEVELE
Bob and Dick agreed to divids profits of $45.00 in ratic of 2 :
4o 3, Dick securing the larger share.” How much ;hould sach receive? ",
' * a. Bob__ | 'b. Dick |
' , NOTE: Do not work below this line wmtil all frms in IXVEL B m
@ ( | complete. - i
v Refer ta ie #25. In order to simplify setting up this pro-
. blem, we mant phrase the verbal expressicn o ¢t proe-
portion. We say: “6 workmen is to X workoen as 1800 articles 4ds
to 2700 art.ieles." We write this as
) . 6. 1800 v o o
‘ . z 57@5 or 6._: 180(?::.?00: Camplefe the solution:
- . 1800X = 16,200;
A} ‘ I . .
NOTE: The é:.me kinds are comparcd: “wor‘msn s to wormen as
. ' - articles are to articles."¢
- 4 1
@ 3
124 ’
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FRAME #1 (Response) ‘ .
. ) }, . e,
reiate, compare '
/
<A
FRAME #lr (Respanse) ‘
a. Bob . $18.00 b. Dick $27.00
\.D
FRAME #27 (Response)
X =9
-
1 )
\

o ¥
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FRAME #2- . - . : IEVEL A

A ratioc may be written with two figures pluced vnrtic;lly and

" separsted by a horizontal line across the middls in a form of fractian.

Example : Aratioafatoiliaﬂrittm%, benca, & ratio of 3 to 2
is written . . .

-y

FRAME #1§ . . ' LEVEL B

Two fishermen agreed tc. divide a fish 3 fset 9 inciws long in’
the ratio of h to 5. How leng is each section?

a. &ortar ' . b, Longar

%#26 - LEVEL ¢

Refer to Frame #26 In phrasiug the verbal expression of this |
inverse ‘proportion, we say: "6 workmen is 6to 15 workmen as 10 days
is to X days." Msisncmal]ywﬂttenrs l_\?; or 6:15 = 10:X

but gince an increase in one quantity causes a a.ecrease in another
quantity this is an inverse proportion .one side of ths equation
must be inverted. Hence, it .is written & % or 6:15 = X:10,
Camplete the solution: 0

151'605 X"4 .o.




FRAME #2‘ (Response )

3

FRAME #15 (Response) ' | ]
: \ N
a. 20 inches b. 25 inches |

FRAME #28 (Respomse)
. .

123
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® ( RN FRAME #3 LEVEL 4
, A ratio may be written also with two figures placed horizontally
and separated by a colon. Example: A ratio of 2 to 3 may be wittsn

al

2:3; hence g ratio of 3 to 2 is written . \“2
- | o
3
=
\x~
&
X
! ‘ ’g
. . FRAME #16 ' | - LEVEL B e
Mr. Smith left directions to divide his estate among three
children in the ratios 2:3:4. If the estate amounted to $54,000,
how much should each part be? : 3
. :
. ( This completves the lesson frame on ratios. Now, proceed to :
proportion.
FRAME #29 - LEVEL C

Now letls set up different types of problems concerned in mspping.
Type 1. The scale of a'map is 1:25,000. What is the map distance
if the distance on the groumnd is 1250 feet? Express in inches. In
parasing the verbal expression, we say: 1 is to 25,000 as map dis-
tance (unmown) is to ground distance (1250 £%.). We write as

1 X
‘ 25000 © 1250 x 127

Complete the solutiom:

T
—)

—————;
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FRIME #3 (Response)
3:2

S

FRAME #16 (Response)
© $12,000 $18,000 $2k,000

~

FRAME #29 (Response)

o
N

1?:’5\
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FRAME #4 : LEVEL A

A ratio of ﬁ._ (1:4) is verbally expressed as one to four., ™ :
Lo
Then a ratio of 2{_ (k:l) is verbally expressed as - . =
‘ “:&
u\’,
Y
PROPORTION | =
FRAME #17 : B .  LEVEL B
If the ratio of two numbers equals the ratio of two other aum- .
bers, the four numbers form a proportion. Example: %_- %, %_- ‘ﬁ.. '
What number should represent thes letter (X) to form a proportion
of the following equation? .
2. 3=X b, L =8
5 D 5 X .
FRAME #30 | " IEVEL C
[ ]
Type 2. The scale of a map is 1:35,000. What is the ground
distance -if the distance on the map is 1.8 inches? PExpress in feet.
Wo say, 1 is to 35,000 as map distance (1.8") is to ground distance
(unknown). We write 1 . 1.8 .
35000
Camplete the solution: 35,000 x 1.8 _ .
12
9 /
7/
124 ‘
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FRAME #. (Response)
htol

AME #17 (RBSPﬂnse)

a. 6

FRAME #30 (Response)

b.

10

5,250 feet

10

v
T
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. ( FRAME #5 LEVEL A

. The grouping of two quantities in ratio is called the guotient.

The two quantities of a ratio are called the terms of a ratic, such
as Yfirst term" and "second term". In a ratio of % or-3:4, the

first term is 3, and 4 is the second term. In the ratio of j or
3

~ L:3, L4 is the ) and 3 is the .
‘ « FRAME #18 ) IEVEL B
Inaﬁroportian%-lg_orzﬂ-h:é.iscalledthaﬂratt-emof
 this proportion, 3 the second term, L the third term and 6 the .
fourth term. men,mapmportion%-&urﬁﬂzhzlh,thaascond
and third terms are . and "3 first and fourth
.< terms are and .
FRAME #31 . | LEVEL C

Type .3. The distance between two points on & map is 3.6 inches,
The distance betwsen the same two points on the ground is 3520 yards.
What is the scale of the map? We say: scale =1 = 1:X, l1istoX
X
- as 3.6 inches is to 3520 ysrds.

We write 1 = 3.6 _ Complete the soluticn
x §g§§ b4 %n ' F%‘

x - ) Scale ‘- '\'\ .
—

179
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~
FRAME #5 . (Response) o ' ' .

: - s
firet term, second term : ) a
< .".
\
\
F
i

FRAME #18 (Response)’ N
7 and h, 2 and lh . ° ~

3
FRAME #31 (Response)
35:2005 1335;200

12 . . o
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FRAME #6 | ~ IEVEL A

In a ratic, the first term and the second term are individually
called the antecedent and the consegquent. Hence, when referring to
a ratio of I (L:6), L is the and §-is th~ .

/S

FRAME #19 _ LEVEL B

+*

¢ In a proportion §'= boor 2:3 = 1:6, the first and fourth terms
5 S

(2 and 6) are also called the extremes, and the second and third

terms (3 and L)} are called the means of this proportiecn. ~Then, in

a proportion g_- 10 or 5:6 *gi?:iﬁ (¢ and 10) are the and
12 ‘ )
(5 and 12) are the .

™~

FRAME #32 ; ~ | IEVEL C

Type 4. The distance between two points on a captiured enemy map
is 2.54 inches. The same distance on a map in your possessian, with
a scale of 1:50,000 is 6.35 inches. What is the scale of the enemy
map? We phrase this: 1:X (enemy map) is to 1:50,000 {your map) as
2.5L" is to 6.35". We write X _6.35J‘ (Note that the second part

of the equation is inverted because the smaller the number the larger
the denominator of scale.) Complete the solution: 2.5LX = 317500.

X = ' . ‘Scale<= o

-
\ad

156

R

fid v"'gﬁ'i *

.t

2
PRV o

M



v“‘x'

\ ’
¢ . .\
FRAME #5 - (Respanse) - 2. : . v

antecedent, consequest | ‘ SR

FRAME #19 (Respcnse) | \ . | ’

means, extremes

FRAME #32 (Response)

" 125,000, 1:125,000

131

ERIC
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FRAME #7 - . IEVELaA

RULE NO. 1. Both terma of a ratio may be multiplied or divided
by a sams number withoup changing ths’ value of the ratdo. Exampla

@
)
(f‘.Zﬂ

zx2 -k 2.2 «1 2eh=1 -
L 2 Lve 2 I 2
Complete the following:
Re xa ~ b. %:‘g_ -
é& ) 2
FRAME #20 | - LEVEL B

IN A PROPORTION THE PRODUCT OF THE EXTREMES IS BQUAL TO THE
kpmnucrm?mms. Exgmple : Inpropartimg 6or35 6:10,

praduct of extremss (3 and 10) equals 30 and prodm:t of means (5 and
6) equals 30. Which ons of the following is NOT a pmportian?\

| g. 2:5 = 4:8 b. 39 = c. 2=6
¢ 5 17 3
- \ .
FRAME #33 LEVEL ¢
If 12 pieces of furniture cost $72,.¥hat will 27 pieces cost
at the same rate?
{
<
® _ 15
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FRAME #7 (Response) | . : .7

a B o - b, 2 %é
12 3 a
. N "
. § “"i,’
FRAME #20 (Response) 5 ’ '
" a. 235 - U438 ~ -
y §
FRAME #33 (Response) .
$162 '
. 12 = Za :
7 . : .
12§ = 194k |
X = 162°
L J
123
;
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FRAME #8 | : ~  LEVEL 4
BULE N0. 2. Since ratios may be written in a form of -fraction,

rulss partaining to fractions may be used, such as reducing to low~

est terms. Example: gw be reduced to % Write the following

ratios in frsctional forw in their lowest terms:

2. L1 b. c. 9:2i
- ! 2 Sl
I~
FRAME #21 _ IEVEL B

Froportions, like ratios, may be written in different forms.
A propartion 2 = L. may be written 2:3 = 435, Write the following in
"3 € ' :
differeqt forms:

. 3=6 ( C ) b. 2:5 = 4310 ( | )
£ g | ‘ f
FRAME #30 | Ev.l C

If 15 carpenters can comstruct a bu:lding in 28 aays, in how
many days can 21 camenters do the same Job? :

17

134
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FRUME #21 (Response)
a. 3:4 = 6:8

be.

" %

FRAME #3L (Response)

20 days 15 "
21 %%
21x = L20

X = 20

18
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FRAME #9 ~ IEVEL A

RUIE HO. 3. To find the valus of a ratio, the first tem
(antecedent) 1s divided by the second term (consequent). Example:
In a ratio g_or 5:8, S is divided by B, to obtain the decimal value

of .625.. GShow the decimsl valus of following ratios:
& 1 o b. g_ 4 e L:7

T et

=

.M%#Z'é * IEVEL B~
A proporticn E_ - lg_nr 285.= 4:8 is vsrbnlly expmased 2 is to
l as 4 is to 8. Then, a proportion % = g.is verbally expressed::
. | M

A,

.FRAME #35 AR \ LEVEL C

Driving from ons town to the next, you get a speedcmeter rasdm.g
of 6.5 miles. The same route an a map measures 11.4L inches. wWhat
is the scale of the map? :

NOTE: 1 mile = 63,360 inches. /
b ]
, 19
125
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126
FRAME #5 (Response) ‘)
g.:,?.as b, 375 c. .571 |

FRAME #22 (Response) .
3is to h as 6 is to 8

FRAME #35 (Response)
1:36,000
5.5 x 63,360
411840
= 36,000
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FRAME #10 ~ IEVEL &
. RULE N0, L. In finding the ratio of two numbérs, both numbers
must Do 1irst expressed in the same unit of measure. Example: To

find the ratio of 3 feet to 5 inches, the feet should First be con~
verted to inches.

S e LR

-

Find the ratio of the following:
a. 2 ft. to 2 yd. b. 2 in. to 3 yd. . Smi. to 3 ft.

FRAME #23 | "\ LEVEL B

There are two types of proportion, direct and jnverse. Direct

proportion is when an increase in ane quantity causes & proporticnal
increase in anothar quantity, or when a decrease in one quantity

causes & proportiangl in anothar quantity.
FRAME #36 LEVEL C

You have a map of 1:45,000 scale which you want to use on a
fishing trip. The route you waat to take measures 21i.12 inches on
the map. What is the ground distance, in miles?

o1

s

s

4&%%‘? &

3
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FRAME #10 (Bespanse)
a. 1l:3 b.

1:54

Ce.

8800:1

. )
Vieae ¥ .50

FRAME #23 (Response)

decrease

FRAME #36 (Response)
15 miles
B
X

= &l.12
==

= 952%00

22
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Iet's put our #nowledge of ratio to work in solv'ng a practical ' '
problem.. In our school last year, there were 576 students. 96 were ‘ -
in the Cartographic Drafting course. / - “;ig
a. What is the ratio of Cartographic Drafting students to the whole
b. What is the ratioc of other {nan-cartogééphic) students to Carto- .

graphic Drmmg} students? | g
/ a
) / | |
FRAME #2l; : IEVEL B
) ,

Inversé proportion: When an incresase in cne quantity causes a X
proporticnal decrease in ancther quantity, or a dacrease in one N
quantity causes a proportional in ancther quantity.

FRAME #37 IEVEL C

Your map has a scale of 1:50,000. What is the distance on the
map if the distance on the ground is 3750 feet?

Exgress answer gg_lnshes.



FRAME #11 (Response)
a. 1l:6 b. 5:1

FRAME #2li (Response)

increase

FRAME #37 (Response)
2
.9 inches
1 X
50,000 3750 x 12
Sosm = },5000

X = .9

24 o . : '




R W S S SPE TR | LRt R NN R TR - .
o sen el Ay, B ¥ AU - R R TN g - “%‘ﬁﬂ'
Y .. : . .

——en s

’ ¢
> <

R

“~ ’ s

: . - FRAME #12 LEVEL 4 =

Ist's try another problsm In a class of ?.h ‘students, 3 studsnts ) g

failed t.o pass the course. *y:

a. What is the ratic of students who passad the course to the e

whole class? e

b. What is the ratio of students who failed the course to stt.dents :

who passed the course? — o

‘ 3

¥

. "ﬂ

oy

| FRAME #25 , | . IEVEL B

Ekample of direect preportion: "Six workmen make 1800 articles .

in ons day. menywor% El.dhenaedadtomak:ea'imsuch e

articles at the same rate?" This :(Ls a d:i).rect propoition because an e

increase in articles will require (a, an in N

. po WorKmen. '
FRAME #38 | LEVEL C

The distance between two points on g mép is 12.5 inches. The
seme distance on a map in your possession, with a scale of 1: 100,000,
is 8.6 inches. What is the scale of the first map?

i
)
»a
SO




FRANE #12r(Raapanse)
a. T:& b. 1:7

FRIME #25 (Response)
increase

FRAME #38 (Resgponse)
168,800
X
159,000
12.5X

X

= 8‘6

- 860,000

ger

ERTay




.‘ ‘ . FRAME #13 o , LEVEL 4 - e
. - %
Iet's try and solve more difficuit problams. sum of twyg
numbers having & ratio of 1 to 3 is 32. What are the numbexs?
Seluticen: Ist X represent thes smaller number and 3X ths larger
©  pumber. X + 3X = 32, LX'= 32, X = 8; then 3X = 24j. Check: Dces -
8 + 2l = 32? Yes. ‘Solve this problem: Sum of two numbers having ~-

a ratio of L to 7 is 95, What are the numbers? a. Saalier no.__
' bv Larger no. . : T

"
. T

G Tha
WT'
TSR] o B

VA \
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FRAME #26 . IEVEL B
Example of inverss grog&rtian: "Six workmen completed a job
in ten days. How many days it take fifteen workmsn to do the
same Job?" This is-an inverss proportion becsuse an increise in
. Workmen will the number of days.

L4
. .
- -
.

3

[
*J:’M’M,

FRAME #39 : LEVEL C

The distansc between two points an a 1:12,500 scale map is
1.1 inches. Whou is the distance between the same two points on
& 1:23,500 scale map? Express answer in inches.




. ';f:u.a
S

FRAME #13 (Responss)
a. 36 b, 63

Return to Pauge 3 for WRAME #1, LEVEL B

FRAME #26 (Response)

decrease

Return to ige 3 for FRAME #27, IEVEL C

FRAME #39 (Response)

7.5 inches 12500 = X
, 23 L.T

23500 = 176250
X = 7.5

This completes all the lesson frames on- ratic and proportiom.
Now, begin the SELF TEST on page 29.

115

28
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‘I. - . ' \. ) i
N SELF TEST , &
: - K
l. A ratio may be writtan\with two figures placed o
and separated by a across the midqie; T
they miy also be written with two f‘ s placed . e
and aeparatad by a BN 2, 3) Y
2. 4 ratic of 3/ is varbally a;pressad as () T
s
3. In a ratic the first temm is éallsd the and "the “
second term the \{§) : N
L. The sum of two numbers having a rstio of 1 to 3 is'32, If X - ok
equals the smaller number, then will eq al the iarger =
as. (13) | TN | T
5. When the ratio of two numbers equals %ha ratio af.twq other ' ‘@?
numbers, the four nunbers azre called a\_, . (17) i
6 'In a propertion the product of the \' is equal to -
-the product of the .. (20) |
7. In a direct proportion an increase in one quantity causes a .
proportional in the other. (23) -
g
. ‘ 8. In an inverse proportion a decresse in cne quantity causes a
~ proportional in the other. (2L) ¥
9. If five workmen can do a jop in ten days, how many days will it | )
taie 20 men to do the job. {26) "

10. Your map has a scale of 1:7%
map if the same distance

5000, What is the distance on the
the ground is 5280 feet? (37)
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INSTRUCTIONS TO STUDENTS

This type of pmw iesmn’isuctusny a workbook wherein the
| overall lesson information is broken down into small steps, called “Frames”.
Some frames require an action, labeled (Action); in these frames you do
the action as directed. When you have completed' the (R) statement or
your sction, turn hpage to next frame and continue lesson. The first line
above each frame contains the correct response for the preceding frame.
This serves as a check on your aimdy written response — NOT FOR
COPYING. These bockiets are your property; they are not graded. This
les.s;n is not a test (other than testing yourself) and you can proceed
through it at your évm speed. Frames 1 through il, and 23 will be on

odd numbered pages. Frames 12 through 22 will be on even numbered

€

pages.
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® ( . OBJECTIVES OF THIS LESSON 1
. g

Upon completion of this lesson you will demonstrate the ability to '

: solve and understand some of the most commonly basic algebraic formulas .
: - e+
Specifically the following: o ;x,

Algebraic addition .

Algebraic subtraction . ai:

.

¢ Algebraic multiplication .

d. Algebraic division - iy

e. Formula transposition and transformation e

-

. /f

VA

 FINAL INSTRUCTIONS

e

N

‘ ( Remember that you continue through each frame in numercial order.
- You will probably get along all right on your own, but in case, you need

help, just raise your hand, as the instructor is there to assist you.




FRAME %1
Algebra is that .part of mathematics which employs letters in reasoning

about numbers, either to find their general properties or to find the value
of an unknmown from its relation to known numbers.

R: In algebra, are used in reasomag about numbers.

TURN TO PAGE 6 FOR FRAME #2

P
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(\ {Monomial) (Bimomial} (Polynomial)

14"13 ; S }”‘ ",»42!;"

FRAME #12

The & Jolute value of a number is its value without regard to the sign
before it.

:".’,.”’u: .

Exsmple: The numbers -+7 and -7 have the same sbsclute value, 7.

- ';,jmi e

R: The absclute vglue of -3 and +3 is

I

FRAME 13 IS ON PAGE 7

P
EAW ]
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(Letters}

FRAME 32

The chief thing that makes algebra different from arithmetic is the use of
letters instead of figures to represent numbers and to use these letters to
form expressions and equations.

~.

R: Instead of using figures to represent numbers, ... _ _ are used.
These _________arethenused toform __ . . __and .

——

TURN TO PAGE g

1
i
1
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(8).

FRAME z13

"When two or more terms form an expression that is to be subjected to opera-
tions such as multiplication or division, they are enclosed in parentheses
( ), brackets | | or braces : i These are called symbols of aggrega-
tion.

Example: If iX is to be multiplied by 2a + b, *ile expression is
written 4X(2a + b)
The parentheses show us that we are muitiplying the ex-
pression 2a ~ b, as a whole, by the term 4X. PThe expres-
sion {(a) | 4-b(a-b) ] indicates that the difference between

\ a-b 1s to be multiplied by b and the product of this sub-
\ tracted from 4 before it is multiplied by a
R: The three symbols of aggregation are . _ and

GO TO PAGE 9



? 3

{Letters) (Letters, Expressions, Equations) ‘ ‘\;

FRAME 33
When ﬁgums are used to express a mathematical situation, the expressions

obtained refer to specific cases.

\.'

R: Figures limit the expressions obtained to _ . -

GO TO PAGE 10 —

(1 |
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. (Parentheses) (Brackets) (Braces)
® o
‘ x

FRAME #14 ]
. ; *
When the root of a quantity is extracted, the sign \ . called the radical }j}‘ff

sign is used, together with a small figure known as the index of the root.
>
Example: Some of the radical signs used are: . -

(1) Square root \/ , ‘ ;R
(2) Cube root ¥ . | -
(3) Any root — .
Any number can be substituted for N. P ' ]
45{‘2

R: The radical sign that shows the cube root of a number is

T: The square root is ' , and to show any root of 2 number is

GO TO PAGE 11

X J




FRAME 4

The basic concept which we shall add to cur previous knowledge of math
is the ides of a general number; that is, the representation of numbers by
letters. '

Example: We say that a room is x feet long and x may stand for
any number. If we are speaking of a particular room and
mmeasure it to be 10 feet long, then x would equal 10:;

however, for a different room x may have a different value.

B: Tke representation of numbers by letters is accomplished by using the

concept of a

GO TO PAGE 12

10
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W) (V™) (V)

FRAME #15 f L

In algebraic addition there are three cases which must be taken into ac-
count; they are: | ‘

(a) Positive number plus positive number
(b)’ Positive number pius negative number ' -
(c) Negative number plus negative number.

- Example: (a) To add two or more positive numbers, find the sum
of their absolute values and prefix to this sumn the

positive sign. Hence, add + 7Y an® +6Y, the product . -

equals +13Y.

(b) To add a positive number and a negative number, find

. the difference of their absolute values and prefix the

sign of the larger number to the result Hence, add
-Bax to +3ax, the product equals —6ax.

(e) To add two-or more negative numbers, find the sum

of their absolute values and prefix to their sum the

minus sign. Hence, add -98x to ~6x, the product equals

~15x.
Action: Add: + 25xy ~37a -43be -+ 20b
: + 18xy +22a  -3The ~50b

P e - - - - - ——-—

GO TO PAGE 13

11



{General Number}

+RAME =25

When two or more quantities are multiplied tagether. vach gquantity is
“called a factor of the product. ‘

Example: If 4, 6 & 8 are multiplied together the product is 192;
then 4. 6 & 8 are factors of 192, but since 4 - 6 is 24 and
24 > 8is 192, then 24 and 8 are also factors of 192.

R: If the productof 3 = 4 - 6 is 72, the factors of 72 are , ,

\

GO TO PAGE 14

e
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FRAME ;16

&

One general rule is sufficient to cover all cases of aigebraic subtraction. -

Change the sign of the subtrahend, and then add the altered subtrszhend
to the minuend, using the rules for algebraic addition. In the above rule,
the subtrahend s the quantity to be subtracted and the minuend is the.
quantity that it is to be subtracted from.

Example: To subtruct —4ab from +8ab, change the sign of the
subtrahend ( —4ab), and then add to the minuend ( + sab),
the algebraic sum equals +12ab’

Action: Subtract: +3afrom +5a
—2x from +3x

GO TO PAGE 15

13
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-3, 1 & 6)

 FRAME 6

In any expression that represents & product, any one of the factors, or the
product of any two or more of them. may be regarded as the coeflicient
of the remaining part of the expression, "

Exampie: If the quantity Tabc is considered, 7 is the numerical co-
efficient of abc, 7a is the algebraic coefficient of be and 7ab
is the sigebraic coefficient of c.

R: If the quantity 5xy is considered, S is the _ . . ___ f xy and 5x
is the of y.

GO TO PAGE 16

14
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{+2a), {(+35x}

FRAME #17
In multiplication of algebraic terms, the product of two numbers having

like signe is & positive number and the product of two numbers having
unl_ilge signs is a negative number.

Example: (a) multiply +8x by ~+4x, can be written as (8x) (4x),
the algebraic product equals 32x*.
(b) The product of (—8x) {4} == — 3=

Action: a. Find the product of (2a)(6a)
' b. Find the product of (— 3h) (3b).

GO TO PKGE 17
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4 ey

{Nnmerical Coeffgient) (Algebraic Coeficient) ' | . .)

&’s ;n
FRAME 7 . ‘
An expyﬁnent‘ any number or algebraic expression written at the vight |
of, and gbove, another number or algebraic expression to show how many
times the latter is tu be taken us a factor. -
Exampie: If 4 is muiltiplied by itself, we say we have squared 4 "
(written as 4°). If a is muitiplied by itself we express it B
48 ad.
-/

R: The exponent of any number or expression will be placed at the -
~of, and . that number or expression.

GO TO PAGE 18

16 )



(1282), (-9b%)

FRAME #18 *

an division of alyebraic terms, the quotient of two numbers having like
‘8igns is positive and the quotient of two numbers having unlike signs is
negative.

Example: (a) Find the quotient of 8x + 2. (Like signs} 8x -~ 2 =
- 4x.
(b) Find the quotient of 8x =+ -2 (Unliké aigns) 8x -
-2 = —4x

Action: a. BFind the uotient‘afVSZx = 4.
b. Find the qlqtient of 32x - —4.

*

GO TO PAGE 15

17
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{Right) (Above)

FRAME 8

The number whose power is to be found is called the base number.

Exampie: In the expression a‘, a is the base number and 3 is the
power of the base number that is desired.

R®: In the expression X* X is the _ e——— - and “ is the

of the base number.

GO TO PAGE 20

Pt
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(8x), (=8x)

FRAME #19 .

An algebraic equation is a statement of equality between two quantities
or operations. Equations are « very convenient mesns of expressing the
relationship between known and unknown quantities. An equation of
this type is called a formula.

R: A formula can also be referred to as an

GO TO PAGE 21

19
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{ Base .\tt_:mbc-r) {Power)

FRAME =9

When multiplying quantities having the sume base numbers, their expo-
nents are added. and when dividing quantitics having the same base num-

bers, their exponents are subtracted.

Example: If we were to divide  a® by a?, we would subtract 2 from
4. giving us a final result of a*. If however, we had been

multiplying. a‘ by a® we would have obtained a result of

a®
K: The exponents are when dividing gquantities which have
the same base numbers, and when multiplying quanti-

ties having the same base numbers.

ey

20




(Algebraic Eguation)

FRAME 220

The quantity that, when substituted for the unknown quantity, reduces an
equation to an equality is said to satisfy that equation.

-

Example: x - 9 = 11, is satisfied when the.value 2is substitutgd
for the unknown x

Action: Satisfy the following equations:

& 9+~ x = 15 X =

i
[y
2
E]
'

b. x - 15

G0 TO PAGE 23

N

21



(ot ermcted) (Added)

FRAME 10

An algebraic expression may consist of par's which are separated by the
+ and — signs; these parts with signs immediately preceding them are
celled terms. ‘

Example: The expression 3X - 4Y + Zis separated by the plus or
minus sign into three parts, +3X, 4Y. +2. These parts
are the terms in the expression.

¢

R: If an algebraic expression is separated into parts by the + or the —
signs, these parts are called the of the expression.

GO TO PAGE 24 ‘

12g
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(6) (27) \‘

FRAME 21

The form of an equation may be changed, when solving an equation, but
the change must be such that the sides remain equal to each other after
the change. The same change must be made in both sides so they remain
equal. The change in the formof an equation in this manner is called
transformation. Four commonly used ways of tranaformation are:

(a) By adding the same quantity to both sides of the equation.
Exampie: 2x + 10 = 16

5= &
2x + 15 =21

(b) By subtracting the same quantiy from both sides of the equations.
Example: 2x + 10 = 16
— 8= -5
<+ 5= 11 -

(¢) By multiplying both sides of an equation by the same quantity, or by
raising both to the same power.

Example: 2x + 10= 16 (2) (2x + 10) = (2) (16)
(2% + 10)2=(16)? x + 20 =32
4x*+ 40x + 100 = 256
(d) By diviming both sides of an equation by the same quantity, or by
extracting the same root of both sides.
Example: 2x + 10 = 6orx + 5 = 8
2 2

R: The value of each side of the equation is changed by any form of
., but the sides still remain equal and the value of the
unknown is not altered.

GO TO PAGE 25
’ 23

L4



{Termns)

* FRAME =11

If an expressivn contains only one term it is said to be amonomial; if it

has two terms it is a Binomial, and if it hus many terms it is a8 Poiynor isl.

Example: The expression 5X has only one term, so therefore it is
a monomial cxpression; if however the cxpression had
two terms, 5X : 5Y. it would be a binomial ex; -ession,
and if it had more than two terms, 5X ¢ 5Y SA. it
would be a polynonaal expression.

K: A one term expression is va'd to be  _ _ ., an expression with '
two terms is a . _ . _ expression, and an expression with many
termsisa . expression.

4

G BACK TO PAGE 5 AND CONTINUE WITH FRAME z12

24
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(Transformation)

FRAME 22

Transposition is the process of taking a term from one zide of an equation
and plaung it in the other side of the equatxon with the sign changed. It
is equivalent to adding the same quantity to, or subtracting the same quan-
tity from, both sides of the equation.

Example: 6x + 4 = 2x + 3.
The 2x can be brought to the left side of the equation by
dropping it from the right side and writing it in the left
side with the sign changed. Now the equation reads:
bx —2x +4=3 or 4x+ 4=3

Action: Transpuse 15x in the following equation: 23x — 4 = 15x + 4

GO TC PAGE 26 .



(38x = I5x =4 = +4) or (8x -4 = +4)

FRAME 23

The foliowing is a precise statement of what to do in solving the simple
equation:

(1) Transpose all the terms containing the unknown to one side of the
equation.

(2) Transpose all the terms not containing the unknown to the other
gide of the equation.

(8) Divide both sides of the equation by the coefficient of the un-
known.

E: After transposing all terms containing the unknown to one side and
all terms not containing the unknown to the other side, both sides
are then by the coefficient of the unknown.

GO TC PAGE 27

173
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1
4
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*

7.

(Divided)

L] -~

You have now completed the “Lesson Frames”. Now
complete the review which is in the form of a self-test.
Fill in the blank spaces in each test item. Th» number
in parenthesis ( ) located at the right of each blank .

space refers you to the frame number from which the
statement was taken.

TURN TO NEXT PAGE N

27



SELKF-TEST

1. Algel;ma is that part of muth which employs letters in reasoning
about {1). )

2. When numbers are used in solving an algebraic expression, the ex-
pression will be pertaining to a (3) case; whereas, if letters
are used the expression will be pertaining to a {4) case.

8. Intheexpresson4 < 9 » 20,4, 9and 20are . (8) of the
product 720. '

§. The number written to the right of, and above another is called the

{7) of thet number.

5. If 5 is multiplied by itself, we have (M's . It is

expressed as __ __ (7)

6. The terms of an expression afe parts which are separated by the
(10) and (10) signs.

7. The absolute value of a number is its value without regard to the
— (12) before it. '

8. The three svmbols of aggregation are and
(13).

9. The radical sign for the cube root of a number is .

(14).

10. The prefix to the sum of a positive number added to a positive num-
ber is the

11. The prefix to the sum of a positive number added to a negative num-
ber is the rign of the (15) number.

12. The product of two numbers having iike s1gns is a _

_ {15) sign.

—_ 1)

number and the product of two numbers having unlike signs is a

number.

13. Equations are also called . (19}
14. When making a change in the form of an equation, the sides must re-

main (21).

15. The process of taking a term from one side of the equation und plac-

ing it in the other sides called ._____ . __ (22).

175
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- INTRODUCTION |

Of all the uathematical processe we learn in 86Hovol perhaps the
easiest to forget are the uses of powers and rcots. Problems involv~
ing powers and roots rarely occur in evétwday ilife and unless you are
in one of the scientific fields you seldom use them. Since they are
critical in the field of surveying we find it necessary to veview
the bazdic fundamentsls ’

This text 1é.hezigned &8 a revieu and when successfully somplet-
ed should provide the student with sufficient background to solve

any problems that required the use of positive whole number exponents
and square roots.

;.

« | 117y
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POWERS aND ROOTS
INSTRUCTIONS T0 STUDENTS

This program text is a unit of work which involves "Self
Teaching'. The overall lesson information is broken into small
steps called "frames'. Each frame ins‘ructs with words, sample
gproblems, or both, then reguires you to apply that bit of instruc-
tion by completing & response or doing 8 described sction. The book-
let is set up sc the frame is on the fron: of the page; while the
regsponse or illustrative portion of that frame is on ths back of
the page. ‘

To work and learn with this booklet, vou read the frsme and
complete tha vesponse or problem, then continue over to the back of
the page for .he answer, it is there for verification, NOT for
COPYING. When tuat frame is completed successfully, go te the next
frame in numerical sequence.

This lesson may be given as & classroom exercise or it may be
given a§ a homework assignment. I you are in the classgoom and
find that you need assistance or advice in order to arrive at the
correct answer raise your hand and a% instructor will assist you.
1f the exercise is given as a homework assignment and there is no
ingtructor available to assgist you in arriving ot the correct ans-
wer, go back and rg¢view the previous frames, you may have missed a
point. Otherwise,’ coutinue to the next frgme.

®

®
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POWERS AND ROOTS
OBJECTIVES OF THIS LESSON

Upon completion of this text you should be able to:

1.
2.
3.

Q.

10.

A11,

i2,

14.

Defigg’ a factor.
Defise a base.
Define a pawer;
Define an exponent.

Indicate the power to which & number is to be raised
using exponents.

Raise any given number (bsse) to any given power,
Define a root.

Draw a radicagl and describe its use,

Define an index.

Indicaté the root to be extracted using the radical and
index.

List perfect squares up to 100 and their square roots.

Identify and put in proper sequence the steps used to
extrgct a square root.

Extract the square root of sny given whole number,
decimal number, or common fraction.

Evaluate your solution by squaring your solution and
adding the remainder.

iii



1.

28.

33,

1710

that number exactlv. In the following problem 7 and 5 would be
called - of 35.

A factor of a given number is anv n mber that will divide into

5/

8l

If we wanted to indicate the number of times & base is to be
used to cobtain a power and, if we had to write it out long
hand: i.e. 3 x 3 x 3 x % » 8] or, use 3 &= a base § times, it
would take all day and reams of paper to write a few problems.
Instegd we use a8 numerical symbol called an exponent to ine
dicate how wany times the base is tagken as a factor.

In tie last frame there was no decimal point indicated, and
thers was an even number of digits, now lets look at another
case, one wita an odd number of digits to the right and left
of the decimal, for example 437.0 which would be separated as
4'37.'00. Separate the number 54,723.111 into periods

k.



LI
L. Factors )

28. No response required

55. S5'47'23.11'190
As we know we can add a zero to the leit (fromt) of a whole
number (054723.111 without changing its value. We cau also
add a zero to the right (back) of a decimal without changing
its value. Since the zero on the left of the whole number will
not be used it need rnot de written. However, the zaro om the
righit of the decimal will be used rad must be shouwn.




' |12

2. Complete the following problem: 34 + 2 =

The factork in the problem given above are and

29T€§;n exponient is a numericai symbol indicating the power to which
a base is to be raised., A positive whole number exponent in-

dicates the number oi times the is to be used as a
The result of this multiplication is called

the

z
N

56. The number of periods formed, both to the right and to the left
of the decimal point, will equgl the number of digits in the
answer both to the right and the left of the decimal. For

example the square root of 1 00 is. 1 0

/1100
however, the square root of 1.00 is 1.0 . There are

51.00
digits in the square root of 58081.00.

s,
~
s



29.

Base, factor, power

4, The square root of 58081.00 is 241.0 ox &4 digits

MK
@




L i oy

If("‘*-‘

3.

- 30,

57.

If 17 is one factor of 51 the other factor is

The exponent is written as a small number placed above and to.
the right of the base. Jiven 3%, 3 is called the
and &4 is the £, .

i

The second step in finding a square root is to find the largest
perfect square which is equsl to, or less than the left hand
period. In the sample below this perfact squasre is 9. Write
it under the first period (li) and pla:ze it's root (3) above
the first period in the answer. '

Example: 3
/1176281
9

pt—



30. 3 = base
4 = exponent

57. No response

N
At N

§ 2y
-

&

R £
R




+ \'_\- £

. ( \ +. Another method of indicating division is to write the problem |

in fractional form. Perform the division indicated in the

following problem § = In the problem above
the factors are and The

product of the factors is

_ o
31. 1If the base 5 is to be used 7 times as a factor the statement
would be written using exponents.
58.

Step three is t- subtract the perfect square from the first

period (11-3) and bring down the second period to forn the
first remginder.

<
J11'62'81
g
262 -~ first remginder




31.

58.

No response

117




-

5. 1t is possible for a number to have more than one set of
factors for example in the number 16 we find the following

facotrs:
&
4/16 Therefore 4 is & factor of 16
16
00
]
2/16 2 and 8 are factors of 16
18
00

32. In the problem 2 x 2 x 2 x 2 x 2; the base is used
times as a factor. The problem can be written as
using exponents and the resultant power (product) is .

59, Given the number 78961, divide the number into »eriods .

the root of the first period is tiie first
remainder is . (NOTE: Be sure when bringing
down a perinsd to bring down both digits.)

r————.—-——

Y ~



- @
‘5. _No response ' . B ]

32. 5, 27, 32

2 root
59. /7'89'61
£,

4
/389 -~ first remainder

" L

L e




Kl

6. One set of fectors for the number 30 is 2 and 15. Another aet

of factors for 30 is nd
4 “
| ]
33. Giver 3 x3 x3x4zx4 - ~ we wuld rewrite the
problem ac x using exponents. The

resultant produc- s

60, 3tep four is t) determine g trial divisor. To do this
multiply the answer (rcot) obtained so far (3) by 2v (% x 20 =
60) and write it to tha left of the first remainder. (NOTE:
It ig not necessary to write in the zero since it will, be

changed).
Example: = 3 v
J11'62°81 -
9
Trial - 69/ 262 -- first remginder
div _mor '

Find the trial divisecr /625

*
4

11
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33.

LVM-“mﬂnwl.‘-N\.w, R
\

3, 10 or 5, éor 2, 3,5
3x10=30

S x 6 =30
2 x3x5=30

il

‘

33 x 4%; 432

19

12



34, Given 22 x 32 =

61, Find the first digit of the'root, the first rminder, and the -

I I % T L U U L I e ot T DAL I PR ST R A su-u-ﬂ&;

R SRR N AN g . 5 . RN SR . .
FURTN - ! . LIRS . <Ma~s."n~ (e Loy . ' . » L.\
Voo , . . e B o : R 5&

o et

- , - X ’ . Nepe

7. Two factors of the numbar 27 ave “ and’ | . o
,"Ares there any other posdiblie Lgetors? cinc

- we =an rewrite the problem as
x x “x - .
and the resultant product is o, | o

! Fo
i
1 \
o
TS
.
C e
-
E

first tvial divisor for the mnnber 223.0. >

13
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. * 7 -
. \ ) . N
, . . . .
! . N - L3

e . ‘ . | - LS9 . ‘ - .
T - 7. .3,\9 = - | |
. NO,\ 3 x 3. x 3 = 27 but 3 has already been ;{md as & factor
”~ “\‘ i . . - v -
\ ) N

v
<

P - -

; o
; » .

A . .

1 . . #

3%. 2x2x3x3m3 -

«

: 1
“61. /2'23.00
1 ’

20/123 a SN
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8. K factor of a given miber is e that . 5:,
- will divide into that oumber - .. R

. . o
- e
‘ . . . \ﬁ.;.'
. . . AL

-~

35. Since the m__ indicatu the power to which the bage is to
be raised wa read tha o as thc power, For example ~ &
w

3% would read, or be stated as: gl_\ to the foyrth oower.
56 would be lta:cd as __ , power.

62. For step five divide the remainder by the ‘trial divisor. ‘ The . .
result of this division is the naxt JSigure in the root. It is 2
also used to replace the zerc on the right of the trisl divisor i
to form the divisor. Multiply this divisor by the last digit .
of the root, and place the product under the remainder. If. N
the product {s al to, or less thsa, the remasnder you have - M
found the true divisor. . Subtract the pruduct from the remain~ I
der and bring down the next period to form a new renainder.

This process is repeated for each figure in the root or until
the desired number of decimai piacel have been reached. Find
the square root of 625,
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, 62.
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o gm e

v

- Any ‘numbsr, exactly

five to the sixth or 5 to the 6th

3
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a
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If you got it go to the next frame if not review frames 51, 52,

55, 56, 58 and 60.
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9.

- 36,

63. -

TN T o e T T ey 0T O S T T
e o RN e e

e P .
A PR e - e - -m_ AN’“‘\'&L
. - =

T 18(,9

If we axgmine the definition of a fncmt, we will find that a

fagtor of a number may also-be defined as gpy one of two ox
. #38ks numbers which wh will produce the given | e
number. In the sample problex below 2,3,5 and 7 are all
_ factors of 210. ) i
. | ‘. y R
2x3x5x7 «210 - ‘ '
N \‘_
- . _., . P R |
. ‘ - ’ (
. 4
Sowe enponmu. or pchu, have special names.  The second .
povwer of & number {s called the square. 32 would .be read- .
3 squared, The third power of a numbar is called r.hc cube,
written 35 and read as 3 . ' \\
e
Y '
- a* x
Solve: fm - s
17 ' -.«' o - -
* /

197 R
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-«
- " 9. No auswer required
P . u -
- o= 2
- [4
,.
ro . i
o
L -
© 36, cubed
Q‘ . -
. .
‘ -
~

63 %F%%
R

28/224 -
. fbi

. et A I O, 2 LY
RS st o
- e - " -
- F R e A i e T sl el - “‘*A-

W

' 224
v Qoo ; )
. “;-NPTE: the first product was too large and the last digit of
both the divisor and the root had to be changed. -
3 )
~ ' , 18 .. . X ‘-\!
1 Y . , J‘.
“ e ) \
= K - ' e N
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10. In the follavt.;q' problem the missing factor is .-

. 2x3x -66 - ~——
- ) . “ '
37. The pover (product) 16 could alep be expressed as 2 to the
power or using exponants.
64, Solve: /3025 .
f\
19
- 19[) /

LR} )
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 37. fourth, 2“ : . ]
" ‘ If you got it go on,-if not see frames 12, 33 and 36. .

5 3
64. /3025
}‘ € 2“5-—_ |8 i

. 2yl '
- - 3
| : o
§ s
v '«.
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65.

11,

" that this fact.may also be stated as :

»\x."’“

e — ....._.s_...\

N . . . . - . Lot . N e . o
s \ PO . . K .
.

T a0

. . N |
Referriog back to Frame 5 we know that 2, & and
factors of 16. Using the definition in Frame 9

[ A
16, this being trus wea can alsc say that 2 x 2 x
Therefore 2 is the gggllest possible fagtor éof 16.

ﬂ“~4
T

vt

n;ﬁtll
an saa
and 2 x 8 =
X2 = 16.

8

we

16
2

The prohlm four nqured plus three cuh-d plus two to the
fourth power would be rewritten + +
» and the result is ' :

] E
Solve: /13225 ° , ' .
21
’ 2N
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. 11: Neo answer required -
o

:
| : . ,
* .
:

- 8. 4 +33 +2% 59 - N

Result » % x 4 +3 x 3 x3+2x2x2x2 =16 +27 +16 w59

65. /13225 o | - .
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" 39, An expounent is a numerical sywbol indicating a/the _»

lif: Two factors of the number 81 are ~ and | .
By finding thp factors of these factors we can find that
' x x - x : ~ = BL.

\n

. (in géur

own words)

y
¢ ee— t
66. Solve: /28224 -
23 )
293
{ f
. . o

1

-
..
b,

Aoy

#
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. ilﬁa‘»*‘ ’.
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*712, 9, 9 or .3, 27

- _ : 9«3 x3809x9%3x3x3Ix3
‘ ‘ . 27 w3 ¥ 90or3x3 3803 x27 «3x3x3x%3

-

R .
. . . .
. e .
B - . :
. ' . ~ :
) / \
. ~
.
° ’

¢

L
¥
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39. A power, or the number of times a-base is used as a factor. : -
. ' N | | - i N ;

*

Y

LY
\
-
N .“ﬁ""':r«?

' i, 6 8 : ' ) .
- 66. '82'24 : 3

»

|

 26/182 | L | - 7

-
L¥ 4]
Lo )

328/ 2624
2624
o | 0000
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13.

40.

€7.

Using the logic presented thus far the smallest possible
factors of 105 are ’ and .

The nth root of a number is that numbar (base) which when
used as a factor n times will produce the number. The sgugre
reot of 'a number is one of two equal factors into which a
number is divided. The cube rgot is one of three equal factors
into which a number is divided; the fourth zoot is one of four
equal factors; and so on for the higher roots.

If at any time the trial divisor is larger than the correspond-
ing remainder place & zero in the root and at the right of the
trial divisor then bring dowm ' 1e next period.
2' 0 5 )
Example: J4'20'25
&
405/ 2025
2025
000¢

Solve: /95481

25

E

R

9



~ 195
13. 3, 5,7 (Logic see frames 11 and 12) .) .
Solution 105 + 5 = 21 so 5 and 21 are factors «f 105 . -
21 - 3= 7 30 3 and 7 are factors of 21
Substitute: 3 x 7 for 21 in first set of factors we have:
S5x 3 x7 =105 .

' 40. No response

3009
67.  /9'54'81 - :
9
609/ 5481
5481
0000
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\ o * ~ - -— - Coee e . ....,.'...--.u;“'
.- | 14. From what has been prasented, can we say that gil guitipliers SR
‘ and multipli- ms are factors of their product? ol '
. YES ' NO Co
%
-
‘ 41. If we separste the number 16 into two equal factora, & and &
' then one of these factors is called the root. Since the fac- o
tor is used twice, or gquarad to obtain the number the factor
is called the square root. A square root is a base which is
used times as a factof to obtain the given number.
e
68. Point off a® many decimal places in the root as there are
periods to the right of the decimal point in the original
number.
- 1.2
Example: &b )
1
22/ 44
44
00 .
Solve: [/16.5649
27 |
4 . \1

207

*




14. YES.f If there is any doubt check frame 9

41. Two

5. 0V 7
68. /16.56'49

16 -
807/ 5649
5649
0000
k\

-~

28

e | o)

| W
298
®
* 3
4
i
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‘ 15. Utingﬂutm 1umedm£armnnych.c_¢.}_m

and guotigg; are factors of the dividend? 7
YES =~ NO

L0

ERWBETR PVt SR TR

B -

42. The process of obcaining a root is just tile inverse of that
by which a power is found.. Separating 12 into three cqual -
factors 5 x 5 x 5 = 125 we wuld say that 3 is the
root of 125, since the factor is used three times to obtain

the power.

} . A

"
ENE T L

69. Solve: [/25.20040

29
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15. If you said YES you axe WRONG’ Regaxber they must divide .>
xactly into " the dividend. There are sowe cowbinations that ~

sust will not qualify. For exacmple we can divide 3 into 10

all day long and when we stop there will still be a remainder. ‘;!
‘ -
- -‘ 3 3 . . [ e . . ?if
: 3/10.0 e

. _9_ e
. - Yo ‘

-2 .
1 o~
h e
42. Cube

\ /
$s. 0 2 0
69. /25.20'046'00 <« Add.a zero to complete the last period
a5
1002/ 2004 -
T 2006 S
1004_f 0000 ~
~ ~
<10
) ‘ ral
30 '
@
. P
N .
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. | ' 16. A factor ¢f a number may be definad as

. (State in
own words) ‘ .

!

43. Again given the number™~16 and knowing its two equal factors
. are & x 4 we can, by finding the factor of thgsc factors, v ’
divide 16 into four egugl factors of 2 x 2 x 2.x 2 = 16 vhen -
this has been complated we can say that 2 is the

root of 16 since the base 2 must be used four times as a
factor.

\'\ .

[:
}

70. Not &ll numbers are perfect squares. In a case where a
problem does not come out even, we carry it out to one
decimsl place mors than we desire and round the answer beck

te the dedired number of decimals. Find the root of 123.4 to
two decimals. .

L _ 31
. ,
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( ~ ' . . .
) E r -
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N ('. EE ; N .
L] .
N

\\\\ . . p . , ' .

1%, * Anything that ssys: any number that wil, “{vide exactly into - .\c
& the given oumber or one of two or.more numbers which when

§ e - multiplied wilt produce :ha given nunber ' . .

¥ co. ‘

3 +

N . ’ - . .

¥ . : ‘ -
! . . ' . . ¢ = [y

} - .
. . -
. 0y . B
t- . . : ‘ :
. . . R

s
-

f ’.

~ 43. Tourth

»

»
| Eand

1.1 0O 8 « 11.11
70. /1'23.40'00'00
. 1
21/ 23

21
221/ 240

221
22208/ 190000

177664
4 2336 remainder
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. 17. A base is any Eg::t:or: which is® wmultiplied by itmelf a givm' w
: ‘number of times to ebtain a product. For exsmple, in tha . N

problem 3 x 3 x 3 = 27. 3 would be called the . ‘.

. ")

. &

~\ .

—_—— B <

p ‘ -

a , , '

44. The radical sign, drawn J » is used to indicate that a root s W

is to be -extracted. The radical is connected to a line *

svinculmn) which ig drawn over the numbers to be affected. . .

- 23 . A radical drawn as indicates a ]
i is to be found (taken). -
f- * \ . . \
i \ '
J. ‘ L ' J t
. T + \
| )
? P T »
. Q ‘
71. Solve to three decimal places: /18
Py
L 4
¢ A




17.

Base

44. °f, root

71.

4. 2 4 2 6

/18.00°00'00'00

8482/ 22400
16964

R ——

84846/ 543600
509075

R ——

34524

-t
»

A
v

“
r
4.243

34
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e 45,
72.

. : | . N o §{,

) . o >
. . a v ey
- . ‘ \ : ‘ J
y ' I 3

d told to find & base fyctor.

CGiven the number & as a pEnduc

We must ask, what number times iftdelf equals 4. The answer .
i. o . ——" ' T ""1

-A small figure called the index of the root, is placed.-in the
opening of the radical sign (575 to show what root is to be
taken. The root to be taken is indicated by small figure
called an _ . )

Solve to three decimal places: /0.514089

.
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45. Index - ' : T,
! ' P
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1 ]
\
1
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-
+
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0. 7 1 7 - 0.717 ! :

- 72. JO.51'40°'89
'\ &2 . 4
141/ ,2640 |
141 . v
1427/ 9989 | A
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®
s 73.
°

£ N - ‘ ’“‘**“m-; . "“ £ . ‘-lxlwm\wwn y :m
] LY ' ‘*fg::?
When a bass is multiplied by itself a zi;rtn nucber of times to )
obtain a product that product is called a powsr. If 6 is used ?
3 tiwes a8 & baxe (factor) the resulting power is —X o
x ) L - .
. < .
~ .
3
Siance the sgﬁg'n root is moat éamnly used, the ipdex numbers
is omitted and the square root of 64 is writtem /64. Other ‘
roots must be shown by an index number. ’
3/8 _ indicates the root of _ . - ”
Jlé¢  *cates the root of .
6/64 ;ates the ‘root of . . ~
¢ -
Solyve to four decimal places: /7.25
\ *
37
' 21 ’ K



.« - ) // .
19, 216 - -
: -6 x 6 x 6 =216
- | 36 x 6 = 216

46. Cube root of 8
Square ‘xoot of 144

Sixth root of 64

hd

2.6 9 2 5 8 = ,2.6926
73. /7.25700700'0000 -
4 S
46/3%5
276
529/ 4900
4761
5382/ 13900
. 10764 .
53845/ 313600 218
265225
538508/ 4437500
4308064
129436

38



20.

47.

74.

If 12 {s used two times as a base the resulting power is

x - L

P cam

£
‘Ihe/g_th root of a qmber is

. (Ia your
own words) ' .

To extract the square root of a common fraction first reduce
the fraction to it's lowest terms then extract the square
root of the numerstor snd of the denominator.

Example: [16 = JT - /I =1
64 Y V7 2

Solve: (28 =
112

AR A

il i
v R

8

LN
R

B

20
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20.

47.

14.

12, 12, 144

iny answer which means: that number which when used as a
factor n times will produce the number.

RS

12 " «/'i? -
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R
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| 210

21. The base factor of the number 36 is | . Itis r
used 2 times =8 a factor. §

#

£ ;:1;

. . g
48. A radical (/) indicates a is to be found. If ¥

75.

there is no index given (such n57 ) the radical /) indicates
a is to be found.

N L il u
N

If both terms of the fraction are not perfect squares,
reduce the fraction to a decimal number and extract the
square root of the decimal.

16
84/ 400
336
64

. mple: \/‘"_;_ - /15 = /.20'00

|
e

Solve to two decimal places: J

Y TR

41



2l.

48.

75.

e, ST T T T Ty T L e MoV ey

6, since 6 x 6 = 36 ' .)

If you got it go on to frame 22 If you missed it sea frames B
17 and 1. -

3
Root

Square root

«r

6 1 2 = .61

«/% = /3:8 = S/ 37'50700

NOTE:

36
121/ 150
121
122~/ 2900 <
2444
456

Repember there must be an even period in the number
for sach decimal place in the root.

pAD.

R o

62 "’ )‘

~
~



- R .. [ O S Ok P RO S SOV S USIIP ST I ) e

Nev
- . : e
22. The base & is used _ - : times to obtain the power 64&.
e d

=
s '.'.,_
49. An index placed in the radical ifidicates - I
is to be taken.
76, Solve to four decimal places: | 49
169

%03



122. "3 times
16 (3)_4&
« (1) 4/64 (2) 4/16

4 x 4 x b4 =64

16 x & = 64

¥
49. What root
/
/
) /& 1 -
76.+ V169 ‘165 = T3 °F %\
224

44 . *'}
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. S 23. The base factor of the power 8 is . ‘This base |
' ia used times to obtain the power 8. b

¥
50. As the squars root is the most frequently used and since | '
the solution of the highér roots is; best and normally,

performed using logsrithms we will limit this text to the
‘ solution of square roots.

- ~oTW
0N v’\':'g.
&

77. Solve to three decimals: \/E-

45
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. ) rye . )
, 2)5
23. 2use 3 times. 2 x2x2 =8 | ‘Ii)
G x2 =8 .

You got it? Go on to frame 264. ' | o

You didn't get it? See frames 9 - 12. ( K

~ v

50. No response roquired

R o .7 4 5.3
U /59 /5575575555
| 42 :
144/ 655
316 __
1485/ 7955 o - :
. 7425
14903/ 53055

64709 N
8346

77.

46
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24. When all factors used in s multiplication are s HAT

51'

78.

factor is called a base,

Before we begin the solution of square roots, we must know
the squares of all numbers 1 through 10. These nusbers are
called perfect squares and are the only who'a puymbgrs up to
100, of which we can find the exact square root. Make a
tabla of the numbers 1 through 10 and their squaras,

~ .

Example: 12 =1 x1 =1
2 =2x2m4

48 in any other mathematical operation we have & method of
checking our work. To check the sccuracy of a square root
you must square tha root.

12 cheek 122 = 12 x 12 = 144
Example: Ji'&é

I
23/ 44
bb
Solve and check :
/5476
47
277

216

3

¢4

‘ .
; . T .
A b LA gn 129
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24. Equal

2 x1le}
222 x2=4
2 w«3x3w9
w4 x b4 =16
yS2=5x5m=25
62 w6 x6 = 36
7%-7:7-:.9
§° « 8 x 8 » 64

=9 x99 e 8l

92
10? « 10 x 10 = 100

7 & Checx 7&2

78. /5476 74
49 x 74
144/ 576 296
576 S1Eg -
5476

K

48

<

-
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25. A poyer is the producf of
numbers. ,

52. Having constructed the table of pcrfcct squares answer the

following from memory.
/&% /B s /e

equal -

*

79. Since all nunbers sre not perfect squares we must have a means
of checking those numbers which do not come ocut evenly. To
do this we square the root (before rounding off) and add the

remainder,
Exlmglaz. J?z.ig Check 8.4
&4 x 8.4
164/ 800 336
656 72
144 Remainder 056
: + 144
.00

Solve to one-decimal a&nd check: ,/55
Pl \\‘

49

Q?f?g




52.

79.

L3
Two or a;nn
&
8, 5, 9, 7
/
[ 3
8. 6 Check 8.6
J75.00 ‘ x 8.6
&4 516
166/1100 688
996 7396
104 + 104
7500
251)
S0
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26. The bgwe factor a{'t.ht powsr 27 is o This base -
is used times as a factor to obtain the power 27. .

~

) “Hq
¥ ' 8 o

r

P

53, The firgt gtep in the process of extracting the squara root
of & number is to sepygage the number into perjods of two

digits esch. The first step in extracting a square root is to ’
Yosrepare the number" by dividing it into of : -
f
51

231
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26. 3, 38 )
3 %3 x3 =727

53. )?eriods, Two digits

NS

52

B TTTE T SNRE FUPIEP PRI S T
LRI R i o ihn

/
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27, The smallest poasible bgse factor of 64 18

This factor is used times to obtain the power
64.

54. To separate the number, sta-t at the degimg]l point and work

‘both wave, placing an gpostrophe (°) gfter egch ftwo digits.

For example the number 1,600 would be separated into two
pericds 16'00. Separate the number 103,041 into periods of
/ m diSit‘ . ’

53

o

P
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54.

2,
64
64
€4
64
64

| B B B A

PP P3P I

1073041

qunsE
P’ R PO A2

»?
¥ 2% ¥

;;;;

o

Lol
LB ]
L
oA
Lo I

a

GO BACK TO PAGE 1 FOR FRAME 28

GO BACK TO PAGE 1 FOR FRAME 55

A

OO
-
"2,

54
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These self~teast questions sre provided to give you practice in e
using the information that you have learned from your study of this -§%>
text. The answer to sach written question is found in the frame ®
in the text where the information was discussed. The ansvesrs for 3
mathematical problems must be chacked by the student, using the 3
check wethods taught in the text. After completing all the ques- a
tions, check your work by refering to the appropriate frame. If :
you made an error re-reaad the frame and correct the answer. "
¥
UESTIONS FRAME -
- 1., A factor of . given number is ’
‘that will divide into that nusber . F-1 T
‘2. An exponent is a numerical sywbol indicat~ '%
ing . F-26
3. A radical dram and used with~
out an index indicates : . F=-42 & &44. i
4. A base factor is any factor which is )
by a given | .
. . number of times to obtain a power. F-17
<::: S. Using exponents indicate the following
powers:
. .
a. Five to the sixth pover = . F-28
b. Seven cubed » . . F=-34

6. When an index is used with a radical it
indicates . F=43

7. Whan all factors used in a multiplication
are equal the result is cglled &

F-19
8. Two to the sixtlh powar equals . F-30
9. Using & radical and an index indicate the
fifth root of sixty~five. F-43
18. A sguare voot is one of
factors into which a number is divided. F=38

—
SR 55
® |
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11.

12!

13.

‘..,,ai;,"_“.!,s.'{fi‘é‘\‘;. o

(QUESTIONS Cnnt'd?

|
Indicate using number 1 through 5 the proper
sequance for the following operations when

extracting a nquﬁte root.

8. Divide the rénainder by the
divisor . -
b. Find the largest perfect square whicii is
lesa than, oz equal to, the first period

¢. Determine the trial divisor ;

d. Find the first remainder .

e. Separate the number into periods of two
digits each . )

Square all nqﬁbern 1 through 15. Check your
work by divjﬂing by a factor.

a. 1 x1i/= i.
b. 4 i.
c. k.
d. 1.
e. m.
£f. n.
g. o.
h. *

Solve and check the following problems to
two decimals.

a. /288 b. J".g:" /(

5
c. 16 d. /1.526
e. /.05632 235’

56
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The sides of a plane triangle are 'so related that any three
given parts, at least one of them being a side, detarmine the shape
and sige of the triangle.

Ceometry shows us how, from three such parts, to CONSTRICT the
triangle,

'shwaushwmmmcmﬂmmmtsﬁa‘ .,
triangla from the sumerical values of the given parts.

Geometry shows in a general way that the sides and &ngln of"
a triangle are mutually dependent. \

Trigonometry starts by showing the exsct nature of :i::ia dapeﬁ-_‘
dence in the RIGHT TRIANGLE, and for this purpose employs the
RATIOS OF THE SIDES.



v

la. The shape of any triangle is determined by any _

given parts, at least one being a . o N
1b, shows us how to construct the triangle, .
le. Trigonometry teaches us how to __'for the unkposn’

parts of a triangle,.

1d. To show the nature of the mutual dependency of sides and anéles

in a right triangle trigonometry uses the of the
”)‘\;
af
w
<3y



la.

1b.
le.

1d.

three, side
Geomatry
compute

ratios, sides

T R

e “ Ty

F

-
.

L
dE



[ Y

- . o e s e+ - SRRV S e N

. 230
~ ‘Q

2. In ordar to keep the labeling of the various parts of Erianslcu R

\
\\ consistent, we label the angles in capital letters (A,B,C) and the
. sides in lower case letters to coincide with their opposite angles

| Norﬁally we lgbel the right angle as C making the side opposite the
right angle c. . .

\ . .
Alsc, in right trianglss the side opposite the right angle is called
the hypotenuse.

~ Given right triangle ABC label the aides and angles.
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3. The angle .opposita side b is . ) :

>
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4, The Pythagorean Theorem states that the sum of the squares on
the sides of a right triangle is equal to the aquare on the

hypothenuse, ' : . }
Using our establishad method of lettering of the parts of a

N right triangle we can state that el w _. <

and ¢ = X
- *

r
'3

215
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4.

c2 - a2 + b?
[} -v§2+b2

oy
A0

-

T



5.

Using the same theorem we can state tiat b =

)

R

- 14

10

72306

and

- -

. S

A
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6. 1In right triangle ABC: a =~ 6, b = 8, What is the value for c?

[

Do
N

12
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7.

In right triangle ABC:

H

c =10, b = 6,

Do
o
rﬂ

What is the value for a?
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8. In oxder to facilitate easy reference to the various functions,
Trigonomstry uses the following ratic designatioms: :

a. The ratio of the side opposite to the hypothenuse is czlled
the gine (#in).

b. The ratio of the adjacent side to the hypothenuse is called
the cosipe (cos). |

c. The ratio of the opposite side to the adjacent side is
called the tapgent (tan).

d. The ratio of the adjacent side to the opposite side is
called the cotangent (cot).

e. The ratio of the hypothenuse to the opposite side is called
the gosecant (csc).

f. Tue ratio of the hypothenuse to the adjacent side is called
the secant (sec).

16

242,
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9, The ratio of the opposite side to the adjacent side is called .
the . ;
.J
u“//\
| §
255
/ %
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10, The cosine is the ratio of the to the

20




10. adjacent - hypothenuse.
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11, The cotangent is the ratic of the : to the

.

€2
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‘ad jacent - opposite
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. In tr
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we call the v
arious
ratios
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12.

Functions

25|



13. Let us look at a properly drawn and labeled right triangle:

and using the letter designations of the various parts; set up
the formulas for the different functions of the angles. <

sinA = sinB = I :

COSA = CosB =
- tanA = tanB =
cotA = cotB =
Ofﬁg
: @

26



13.

SinA =

COBA =

COtA =

cl ol ol

B o

ginB = =
cosB = &
tanB = <

cOotB = &
b



14. Iooking at your snswers to the preceding question (13), compare
the different functions for angles A and B, You will find out that

SinA = B
COSA = B
tand = B
COtA = B

‘j)tf"' .

i



14, sinm A = cos B
cos A =sin B
tan A = cot B

cot B = tan B




15. 1In Seometry we learned that the sum of all angles in any
triangle is 180°, and that a right sngle has 90°.

" We can therefore state chat che sum of angles A and B is

e

ooy
- f
| o

30 .
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15.

90°,



16.

We can also state that 3in A

and

cos A=
tan'A =

cot A =

250

32

CO8

sin

cot

tan

(90°
(90°
{90°
(90°

e



Vi

sin A = cos
cos A = gin
tan A = cot

cot A = tan

(50° - -A)
(90° - A)

(90° - A)

(90° - &)

'3

2,0)

33
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17. Given right t:rian&le ABC, with 2 » 6, b = 8, and ¢ = 10, £ind
ihe values for the functions of angles A and B.

/B
c=10 / as 6
A b= & C

34
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17. linA-i-g-- %-o.ao
cosA-l%- ﬁs*.-c.so
tan A .g.- %-0.75
cot A %-1%-1.3'333-

and-of course, :eein Bw (30
cos B = 0,60
tan B = 1,3333

ot B = 0,75




-

18,
a.

The values obtained in the praceding answers are:
arithmetical, b, logarithmic vulues for the various

funcetions. (cross out one) .

P el
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18,

asitho=tical

37



15. SELF TEST

a. The Pythagorean T